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The Mode of Action of Petroleum Oils as Ovicides’” 


E, H. Smiru*® and G. W. Pearce, New York State Agricultural Experiment Station, Geneva 


Although petroleum oils have long 
been effectively employed as insecticides, 
the manner in which they produce their 
lethal effects is not known. Several pos- 
sible theories have been proposed such as 
those indicated by Hoskins (1940) and 
Martin (1936). It appears that such theo- 
ries are largely a matter of speculation 
since little or no direct experimental in- 
formation is available. 

In considering the mode of action of 
oils when used as ovicides, it has been sug- 
gested that the respiratory system is af- 
fected in some manner. The present paper 
is a report on the effect of petroleum oil 
on the respiratory activity of eggs of the 
oriental fruit moth, Grapholitha molesta 
(Buseck). In addition, data are given on 
the length of time an oil must be in con- 
tact with the egg to prevent hatching. 
The latter point is of much practical and 
theoretical value since it is obviously 
related to the oil deposit weathering factor, 
the volatility of the oil as well as the 
mechanism of the killing action. 

EXPERIMENTAL Metuops.—Test In- 
sects—The oriental fruit moth, Grapho- 
litha molesta (Busck), was the principal 
insect used for the study. This economic 
species is representative of several which 
appear to respond identically to oil treat- 
ments. Preliminary work was also con- 
ducted using eggs of the European red 
mite, Paratetranychus pilosus (C. & F.), 
and the European corn borer, Pyrausta 
nubilalis (Hubner). Work with these spe- 
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cies is incomplete and consequently only 
data on oriental fruit moth will be given. 

MEASUREMENT OF RESPIRATION.—Var- 
ious types of respirometers were con- 
sidered including micro-apparatus. The 
Warburg constant-volume respirometer 
(Dixon, 1943) proved most readily adapt- 
able for this study. Initial work indicated 
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Fic. 1.—Special Warburg respirometer flask 
designed to hold microscope slides. 


that by the use of specially designed 
flasks with the standard Warburg ma- 
nometers the hourly oxygen consumption 
rate of 100 or more oriental fruit moth 
eggs: could be measured with sufficient 
precision. Accordingly the special flask 
shown in figure 1 was designed and used in 
the work to be reported. The flasks were 
constructed to contain one to three micro- 
scope slides (25 mm.X75 mm. X1 mm.) 
carrying the test eggs keeping the total 
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volume to a minimum. Total capacity 
without slides or reagents was approxi- 
mately 14 cc. The insertion of two slides 
and addition of the required quantity of 
liquid in the reservoirs at the bottom 
(0.3 ec. HO and 0.3 cc. 5-10 per cent 
KOB) reduced the net volume to approxi- 
mately 8.5 cc. This is considerably less 
than the standard Warburg flasks avail- 
able and results in a marked increase in 
the sensitivity of the respirometer. The 
flasks were calibrated with mercury ac- 
cording to the procedure outlined by Dix- 
on (1943). 

In this initial study, efforts were con- 
fined to the measurement of the oxygen 
consumption rate of treated and untreated 
eggs of approximately known age. Moths 
at the peak of their oviposition activity 
(4 to 5 days old) were induced to lay eggs 
on the microscope slides forming one side 
of a small cage. The slides could be re- 
moved at any time interval desired to ob- 
tain eggs of various ages. Normally ovi- 
position was allowed to take place for 
periods varying from 4 to 24 hours. Two 
or three hundred eggs were found to be 
ideal for use in the respirometer. Slides 
having the desired number of eggs were 
selected for treatment as described later. 

Test Or..—Originally it was planned to 
measure the effect of a naphthenic and a 
paraffinic oil and their fractions on re- 
spiratory activity. Because of many ex- 
perimental difficulties only one oil has 
been examined extensively. This is a 
water-white paraffinic oil derived from a 
Pennsylvania crude and having the fol- 
lowing properties: 
65 Sec. 
98% 
36.5 

. 8384 
1.4632 


Saybolt Universal Viscosity at 100° F. 
Unsulfonated Residue (ASTM) 
Gravity, API Degrees at 60° F. 
Density, d20/+° 

Refractive Index n7? 


This oil has been given the code number 
46-M 20 and is identical with oil 42-M20 
included in the work of Pearce et al. (1948) 
except that it is from a different year’s 
manufacture. Oil 46-M20 and its fractions 
are being studied in an extensive program 
of research on spray oils at the Geneva 
Station. Because a large amount of in- 
secticidal data will eventually be avail- 
able on this oil it was considered advan- 
tageous to employ it in the present study. 

APPLICATION OF TEst Or1n.—Since it 
was desired to study the effects of lethal 
as well as sub-lethal dosages of the oil, 
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methods of controlling and determining 
deposition rate on the glass slides were 
necessary. It was found very difficult to 
spray the slides directly and obtain repro- 
ducible deposits. After much experimen- 
tation a settling tower technique was 
adopted. In this procedure the concentra- 
tion of oil in the spray was kept constant 
and the time of treatment altered. By 
varying the time from 30 seconds to 6 
minutes, the desired range of deposit was 
obtained with good reproducibility. The 
mist-like spray deposit obtained was 
completely dry in a few minutes permit- 
ting the measurement of respiration with 
minimum delay following treatment. Nor- 
mally, the oil spray was made at a con- 
centration of 2 per cent using blood al- 
bumin as emulsifier at the rate of 2 oz. 
per 100 gallons of spray. The mixture was 
emulsified by use of a hand homogenizer. 

The amount of oil deposited on the 
slides per unit of area was determined 
by the colorimetric method of Pearce & 
Avens (1943). The data are expressed in 
terms of milligrams per 100 sq. cm. of 
surface. When treating slides containing 
egg samples extra slides were treated 
simultaneously for oil deposit analysis. 

Minmum Errective Dosace.—The 
minimum effective dosage (M.E.D.) is 
defined as the “milligrams of oil per 100 
sq. cm. of host surface required to pro- 
duce a control efficiency of 95 per cent.” 
In the present study an M.E.D. value of 
1.5 mg. was obtained for the test oil. 
This value was determined using eggs in 
the earlier stages of their incubation pe- 
riod. It will be seen later that the eggs 
show an increasing resistance to oil dur- 
ing the last part of their incubation. The 
M.E.D. found above applies to a host sur- 
face of glass and an incubation period of 
3 to 4 days. Pearce et al. (1948) found a 
value of 2.9 mgs. for the same oil using 
quince foliage as the host surface and an 
incubation period of 7 to 10 days. The 
higher M.E.D. value obtained in the lat- 
ter case is believed due mainly to the dif- 
ferences in host surfaces and incubation 
periods. 

EXPERIMENTAL Resutts.—Normal Re- 
spiratory Rate—In order to determine the 
effect of oil treatments on the respiratory 
rate of developing eggs, it was first neces- 
sary to determine the normal rate. This 
was done by making frequent determina- 
tions of respiratory rate of eggs in various 
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stages of development and plotting the 
readings against age of the eggs. All de- 
terminations were made at 80° F., and 
the results are expressed as cubic milli- 
meters of oxygen per 100 eggs per hour. 
According to Peterson (1930), 110 effec- 
tive day degrees are required to complete 
incubation of oriental fruit moth eggs. 
(Thus, the incubation period required 
approximately 88 hours at 80° F.) Two 
to three hundred eggs laid in a 12-hour 
period were used in making each deter- 
mination. The hatch in these eggs was 
slightly over 85 per cent. No effort was 
made to correct for natural mortality as 
the respiratory activity of infertile eggs 
and partially developed eggs was not 
known. 

In making continuous hourly deter- 
minations of respiratory rate, it was 
found that the rate varied slightly from 
hour to hour. These variations were 
greater than could be accounted for by the 
inherent error in the technique used. The 
consistency of this variation would seem 
to indicate that such fluctuation is normal 
in developing eggs. The following readings 
are typical of the variations found in 
hourly readings: 


Hours M M? 0/100 eggs 


Ist 3.22 
2nd 3.95 
3rd 3.64 


Average 3.60 


The lower curve shown in figure 2 was 
fitted by eye to the points determined in 
the manner described above. This curve 
represents the average of eggs of mixed 
age. It will be seen from the curve that 
during the first two-thirds of the incuba- 
tion period the increase in respiratory 
activity is slight. Beyond that point the 
rate increases rapidly until hatching. 
This rapid increase in respiratory rate is 
coincident with the development of the 
embryo to the point that the outline of the 
head capsule is barely visible when ob- 
served through a binocular microscope. 
This stage of development is followed in a 
few hours by the stage commonly referred 
to as the “black-spot” stage in which the 
head capsule is readily apparent as a 
dark spot. 

An exact determination of the respira- 
tory rate was difficult when using eggs 
which varied as much as 12 hours in age. 
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In such cases hatching extended over a 
period greater than 12 hours and the 
respiratory activity of hatched larva no 
doubt introduced some error. To over- 
come this possible error, rate determina- 
tions were made on eggs laid during a 3- 
hour period. Readings were taken only 
every 24 hours throughout the first 
two-thirds of the incubation period and 
more frequently during the final stages. 
The results are illustrated by the upper 
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AGE OF EGGS — HOURS 


Fic. 2.—Curves showing normal respiratory rate of 
oriental fruit moth eggs. A.—Eggs deposited over 
3 hr. period. B.—Eggs deposited over 12 hr. period. 


curve shown in figure 2. It will be seen that 
the*increase in respiratory rate during the 
final€stageJof incubation is steeper than 
in the lower curve-representing groups of 
eggs of a wider range in age. Moreover, 
less change in rate occurs during the ear- 
lier stages of incubation. Even in eggs 
differing in age by no more than 3 hours 
there was a considerable spread in the 
time of hatching. It is doubtful, however, 
whether further reduction in the range in 
age of the eggs would change the upper 
curve (Fig. 2) substantially. It is consid- 
ered, therefore, that the upper curve in 
figure 2 represents the normal average 
oxygen consumption rate of oriental fruit 
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moth eggs throughout their incubation 
period at a temperature of 80° F. 

Errect or O11 on Respiratory Rate. 
—A typical set of data showing the effects 
of lethal and sub-lethal dosages of oil are 
shown in figure 3. The per cent hatch as 
well as the dosage in milligrams per 100 
sq. cm. is shown on each curve, the top 
curve being the normal oxygen con- 
sumption rate of an untreated group of 
eggs. It is noted that the immediate effect 
of the oil in all cases is a sharp decrease 
in respiratory rate. The experimental pro- 
cedure employed did not permit the meas- 
urement of respiration until 1 or 2 hours 
after treatment. Thus it is possible that 
the rates are reduced to a lower level 
initially than that indicated by the curves 
in figure 3. The first measurements ob- 
tained for these curves were just short of 
2 hours. It should also be noted that there 
is a fairly rapid recovery to a higher rate 
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Fic. 3.—Effect of varying dosages of oil on respira- 
tory rate and per cent hatch of fruit moth eggs. 


which is however, still considerably below 
normal. This initial drop and recovery of 
the rate within the first 3 hours after 
treatment is believed to be a direct me- 
chanical effect on the gaseous exchange 
equilibrium in operation before treatment. 
Thus, the sudden deposition of a film of 
oil on the egg surface would be expected 
to depress gas exchange sharply at first 
with a gradual recovery to a new equilib- 
rium condition. In any event, evidence 
given in a later section (Speed of Kill) 
indicates that this initial depression in 
respiratory rate is not responsible for the 
eventual lethal effect of the oil. Presum- 
ably, then, the behavior of the curves in 
figure 3 after the initial effects is related 
to the lethal action of the oil. Again, 
evidence that this is the case is given in 
the section referred to above. 

Irrespective of the ultimate explana- 
tion of the effect of oil on the respiratory 
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rate the data presented in figure 3 are of 
interest for other reasons. In particular, 
a correlation between control efficiency, 
dosage and depression of respiratory rate 
is evident. Thus, a knowledge of the 
magnitude of any of the three factors 
would enable one to estimate the value 
for the other two. The accuracy of such 
estimations, of course, will depend partly 
on the precision and reproducibility of the 
basic curves relating all three variables. 

A number of general observations were 
made in connection with embryo develop- 
ment which are believed to be of signifi- 
cance in relation to figure 3. Of perhaps 
greatest interest is the fact that respira- 
tory activity of eggs receiving lethal dos- 
ages of oil continues long after the normal 
time of hatching. Concentrations of oil 
twelve times that required for 100 per 
cent mortality failed to stop all respira- 
tion immediately. In cases where the dos- 
age was sub-lethal or just barely lethal 
some eggs developed to the “black-spot” 
stage although only partial or no hatch- 
ing occurred. It was apparent that as the 
oil dosage was reduced, more and more 
eggs reached the “black-spot” stage. It is 
of interest to note that Lipp (1929) ob- 
served development of oriental] fruit moth 
eggs to the “black-spot” stage when they 
had been treated with lethal dosages of 
linseed oil. In the present study of eggs 
treated with lethal dosages after the 
“‘black-spot” stage had been reached it 
was possible to observe peristaltic move- 
ment in the embryo for several days after 
the normal hatching time. The foregoing 
observations strongly indicate that it is 
not readily apparent when death of 
treated eggs takes place. Life is clearly 
evident long after normal hatching would 
have occurred. 

Further evidence of continued activity. 
of the eggs after receiving lethal dosages 
of oil was obtained through the use of 
2, 3, 5 triphenyltetrazolium chloride. 
Porter et al. (1947) used this compound 
with success in testing the germinating 
ability of certain seeds. Mattson ef al. 
(1947) outline the historical background 
and properties of this material as an agent 
for detecting viability in living tissues. 
According to the latter workers, the color- 
less triphenyltetrazolium chloride is re- 
duced by viable tissue to insoluble red 
triphenyl formazan. Enzyme systems are 
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or above) tissues fail to reduce the com- 
pound. 

In applying the test for viability slides 
bearing eggs were placed in a petri dish 
and covered with a 2 per cent solution of 
the tetrazolium. With the aid of a binoc- 
ular microscope each egg to be examined 
was carefully pierced with a needle to 
insure contact between the egg contents 
and the indicator solution. Eggs treated 
in this manner were held in a dark cabinet 
at room temperature for 2 to 8 hours. 
They were then examined for the presence 
or intensity of the red color characteristic 
of the reduced form of the indicator. Eggs 
receiving no oil treatment stained a bright 
carmine red with few exceptions. Oil 
treated eggs also showed a red color but of 
less intensity. It was clearly evident that 
the intensity of the color decreased as the 
time interval after treatment increased, 
thus indicating that the oil was slowly 
reducing the activity of the egg but not 
completely stopping it. On the other hand, 
eggs inactivated by brief immersion in 
hot water failed to show any red color 
development even when subjected to the 
indicator test immediately after heat 
treatment. The results of the viability 
tests with tetrazolium are in complete 
agreement with the respiratory rate curves 
shown in figure 3. 

SUSCEPTIBILITY OF Eaeas at VARIOUS 
STAGES OF DEVELOPMENT.—When eggs 
at different stages of development were 
treated with sub-lethal dosages of oil the 
resulting hatch indicated a difference in 
susceptibility. To determine this differ- 
ence four groups of eggs, with a difference 
in age of 12 hours between each group, 
were collected. By applying varying sub- 
lethal dosages of oil to eggs collected in 
this manner the relative difference in 
susceptibility became apparent. Figure 4 
presents a summary of the data obtained. 
For comparative purposes the normal 
respiration curve is included at the top of 
this figure. The series of curves at the bot- 
tom show the resulting hatch when eggs 
of different age are treated with various 
dosages of oil. The average age of each 
group at time of treatment is plotted 
against per cent hatch. It is evident from 
figure 4 that the eggs show no significant 
difference in susceptibility during the 
first two-thirds of their incubation. How- 
ever, an increasing resistance to the oil is 
shown in the last third of the incubation 


Smitu & Pearce: PetroLeum Ors as OvicipEs 


177 


period. Thus, the high respiratory rate, 
characteristic of the eggs just before 
hatching begins, coincides with the most 
resistant period of the eggs. 

It should be emphasized that differ- 
ences in susceptibility do not appear if 
dosages substantially in excess of the 
M.E.D. are employed. Under these con- 
ditions 95 to 100 per cent kill occurs 
regardless of the age of the eggs. This sug- 
gests an explanation for the variable 
results obtained by others. The decrease 
in susceptibility with age of the eggs ob- 
served by Newcomer & Yothers (1932) 
is confirmed by the present results. On 
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Fic. 4.—Relation of age of oriental fruit moth eggs 

to their susceptibility to oil treatment. (Top) Normal 

respiratory rate. (Bottom) Hatch of eggs 8, 30, 54 

and 78 hours old when treated with four different 

dosages of oil: A—1.4, B—1.2, C—0.6, D—0.5 mgs. 
per 100 sq. cm. 


the other hand, Hough & Jefferson (1936) 
could not demonstrate a consistent rela- 
tion between age of the eggs and suscep- 
tibility. It is possible that the latter work- 
ers were employing excessive dosages of 
oil in many of their tests which of course 
would make their results difficult to in- 
terpret. 

Speep or Kitu.—As previously shown, 
treatment with oil resulted in a reduction 
in respiratory rate, the heavier dosages 
producing a greater reduction in rate and 
this reduced rate continued even beyond 
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the normal time of hatching of untreated 
eggs. There was then no clearly defined 
point at which the eggs could be consid- 
ered dead. This observation posed the 
question: Was the lethal effect of oil 
treatment a result of the sudden initial 
depression in respiratory rate, or was it 
related to the continued sub-normal rate? 
To determine this point, oil was removed 
from treated eggs at various intervals and 
the resulting hatch observed. Removal of 
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Fic. 5.—Hatch of oriental fruit moth eggs following 
removal of a letha] dosage of oil at various intervals. 
Respiratory rate: A—untreated eggs. B—oil treated 


eggs. 


the oil was carried out by a method de- 
veloped earlier by P. J. Chapman and 
G. W. Pearce. It consists of washing the 
eggs rapidly in low-boiling petroleum 
ether (B. P. 20-40° C.) or other low-boil- 
ing neutral oil solvent, such as pentane. 
The eggs show normal hatch after brief 
treatment with such solvents. In the pres- 
ent study n-pentane was employed as 
solvent. The resulting hatch of eggs from 
which an oil dosage of 1.5 mgs. per 100 
cm*, was removed at intervals by this 
technique is seen in figure 5. The normal 
respiratory rate is indicated by the dotted 
line and the rate determined for treated 
eggs is shown as a solid line. The per cent 
hatch after removal of the same dosage of 
oil from eggs at various intervals is shown 
along the X-axis. It will be noted that the 
sudden initial depression in respiratory 
rate at time of treatment accounted for 
little or no mortality and that the mortal- 
ity resulting from oil treatment varied 
with the duration of contact between the 
oil and eggs. This indicates that the con- 
tinued suppression of the respiratory rate 
by the oil is directly related to the killing 
mechanism. 

Following the above observations it was 
of interest to determine whether there was 
any marked difference in time of kill 
between a dosage greatly in excess of the 
minimum effective dosage (M.E.D.)-for 
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the oil and one fairly close to the M.E.D. 
Such an experiment was carried out and 
the results are summarized in figure 6. 
It is seen that the heavier deposit pro- 
duced a more rapid lethal action, although 
the ultimate result at the end of 24 hours 
of exposure to the oil is about equal. Thus, 
it may be assumed that when a dosage 
equivalent to or in excess of the M.E.D. 
for the oil is present for 24 hours, 95 to 
100 per cent mortality will occur. If 
losses due to weathering or volatilization 
reduce the dosage below the M.E.D. dur- 
ing the first 24 hours after treatment 
reduction in efficiency may be expected. 

Another point on which the experiments 
in this section have some significance con- 
cerns the question of penetration of oils 
into insect eggs. This question has been 
studied by others (Fox 1930; O’Kane & 
Baker 1935; Powers & Headlee 1939) 
with variable results and conclusions. 
It is believed that the fact demonstrated 
here that oils can be removed from eggs 
by a simple washing with a solvent with- 
out any apparent affect on the viability 
of the eggs is pertinent. For if marked 
penetration of the egg chorion occurs 
then removal with a solvent would be 
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Fie. 6.—Speed of kill of oriental fruit moth eggs 
receiving a minimum effective dosage (1.5 mg.) and 
an excessive dosage of oil. 


difficult without deleterious effects on the 
egg. Apparently, the oil exerts its lethal 
effect without penetration and, although 
penetration evidently occurs by prolonged 
immersion (O’Kane & Baker 1935) it is 
not essential to affect kill. 
Discussion.—The results of this study 
show that the normal respiratory activity 
of developing eggs is markedly reduced by 
oil. Moreover, prolonged reduction of 
normal activity by the oil is apparently 
directly related to the lethal action. It 
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also would appear that the lethal action 
consists of a slow reduction in vitality of 
the egg with no sharply defined point of 
death. These observations strongly sug- 
gest that the oil exerts its lethal effect 
through a mechanical interference with 
the normal gaseous exchange mechanism. 
Just how such interference eventually 
produces-death is unknown. At this point 
the writers would like to call attention to 
an experimental observation which may 
be highly significant. In the course of the 
respiration studies it was noted that pro- 
longed enclosure of untreated eggs in the 
respirometer resulted in reduced hatch 
and in extreme cases total kill. Intermit- 
tent aeration of the flasks between rate 
measurements was a sufficient precaution 
to prevent any mortality from this source. 
Calculations.showed that the oxygen sup- 
ply in the closed system was adequate, 
therefore, oxygen improverishment was 
not the cause of mortality. The carbon 
dioxide produced by the eggs was effec- 
tively absorbed by the KOH solution pres- 
ent in the bottom of the flasks so that no 
toxic effect could be attributed to the ac- 
cumulation of carbon dioxide. The only 
logical explanation for the mortality, 
then, would seem to be that one or more 
gaseous metabolic products were being 
produced by the eggs which, if allowed to 
accumulate, would eventually result in 
death of the eggs. Assuming that a toxic 
substance is produced it is reasonable to 
suppose that a film of oil on the surface of 
the egg would cause the accumulation of 
the metabolite within the egg by prevent- 
ing its ready elimination through the 
chorion. Such a theory could well explain 
most of the phenomena observed in the 
present study. 

While the foregoing hypothesis has 
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some basis in experimental observation 
it is felt that additional evidence is needed 
to establish the existence of any toxic 
metabolite as the direct lethal agent in- 
= in the ovicidal action of petroleum 
oils. 

SumMary.—The respiratory rate of eggs 
of the oriental fruit moth, Grapholitha 
molesta (Busck), was found to be relatively 
constant during the first two-thirds of the 
incubation period, rising sharply during 
the final period. The effect of oil on the 
respiratory rate was found to be an imme- 
diate marked reduction in activity with a 
relatively quick recovery to a rate still 
below normal. The control efficiency, 
dosage of oil and degree of reduction of 
respiratory rate were found directly re- 
lated. Oil treatments applied to eggs at 
various stages of development showed a 
variation in susceptibility, the oldest 
eggs being least susceptible. This decrease 
in susceptibility coincided with the higher 
respiratory rate during the final period 
of development. A rather precise relation- 
ship was found to exist between the dura- 
tion of contact between the eggs and oil 
and the hatch which followed. This rela- 
tionship could be demonstrated by remov- 
ing oils from eggs at intervals following 
treatment. Some indication that the eggs 
produce a toxic gaseous metabolic prod- 
uct during development was obtained. 
It is suggested that the ovicidal action of 
oil may be due to the prevention of ready 
elimination of toxic metabolites causing 
their accumulation in lethal amounts 
within the egg.' 
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The Application of Dormant Oils as Mists! 


James L. Brann, Jr., A. W. Avens and R. W. Dean, New York State Agricultural Experiment Station, 
Geneva 


The application of oil insecticides to 
apples in the dormant or delayed dormant 
period is often one of the most difficult 
treatments for fruit growers to make. 
Adverse weather conditions, soft ground, 
and heavy, slow-moving equipment often 
make it impossible to cover orchards in the 
relatively short time available. The hope 
of alleviating this situation seems to lie 
in the recent development of improved 
insecticides and equipment, especially in 
those which lend themselves to applica- 
tion in concentrated form. The application 


Fic. 1.—Mist sprayer showing relation of pump, 
liquid tank and blower to nozzle. 


of oil concentrates as pure oil, as oil-in- 
water or as water-in-oil emulsions is not 
new. Parker (1933) reported that he had 
developed this technique of using an air 
stream to carry finely atomized oil as 
early as 1931. In his first tests, he success- 
fully used an undiluted phytonomic sum- 
mer oil against the grape leaf hopper. 
Eastern Branch Program. 


1 Journal Paper No. 735, New York State Agricultural Experi- 
ment Station, Geneva, New York (Dec. 9, 1947). 


Later he found that the addition of a 
toxicant, such as pyrethrum, to the oil 
increased its efficiency and also that a 
water-in-oil emulsion, containing as high 
as 75 per cent water, extended the material 
to give better coverage and caused less 
injury to the plants. Since that time, 
numerous investigators have rendered 
valuable service in improving the ma- 
terials, equipment, and technique for this 
type of application. Most of this develop- 
mental work seems to have been done in 
the west. The commercial names given 
this technique, such as “‘vapo-dusting,” 
“vapor spraying,” “liquid dusting,”’ mist- 
ing or fogging are practically synonymous 
in so far as the basic principal is concerned. 
All employ machines in which highly con- 
centrated suspensions or solutions of in- 
secticides are broken up into fine particles, 
diluted with air and carried to the trees 
in an air stream. Because the term “mist” 
seems more nearly to fit the product of 
such machines it will be used in this 
paper. 

The experiments here in reported were 
carried out during the seasons of 1946 and 
1947 on apple orchards in the mid-Hudson 
Valley of New York State. Although the 
investigations have not been extensive 
enough to warrant definite reeommenda- 
tions, the data obtained may be useful to 
other workers in this field. Inasmuch as 
the equipment, materials, and technique 
used seem to have a bearing on the effi- 
ciency of {concentrate application, a brief 
description of each follows. 

The mist treatments were applied with 
a machine developed as a cooperative 
project between the U.S.D.A., Bureau of 
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Entomology and Plant Quarantine and 
the New York State Agricultural Experi- 
ment Station (Fig. 1). It consisted basi- 
cally of a duster’ which was fitted with a 
3 gallon per minute pump? and a 12-gallon 
tank with a mechanical agitator. The air 
was discharged through a 4-inch outlet 
at a velocity of approximately 200 miles 
per hour. Thus, the machine would be 
considered as a low-volume high-velocity 
type. While the pump was capable of 
developing 250 pounds of pressure, the 
liquids were injected into the air stream 
at 100 pounds per square inch througha 
single nozzle mounted in the center of and 
about 1 inch beyond the end of the air 
tube. This nozzle, which delivered a 
conical spray, was directed at an angle of 
180 degrees to the air blast. This reversed 
type of injection seemed to give the best 
break-up of the particles as well as an 
even distribution in the air stream. The 
position of the nozzle is important. When 
the cone of liquid is introduced too far in 
front of the air tube the mist is largely 
confined to the center of the air stream. 
On the other hand, if it is too close, the 
liquid may contact the rim of the air tube 
thereby producing a ring of larger drop- 
lets. 

During the 1946 season, the nozzles 
used were of the whirl-plate type deliver- 
ing a solid cone.* However, since the rate 
of delivery of such nozzles is fixed for a 
given pressure, it was necessary to change 
the nozzle whenever the rate of applica- 
tion was to be varied. Furthermore, noz- 
zles of this type delivering less than 2 
gallons per minute, tended to clog when 
used with certain materials. By 1947, a 
new type of liquid injector’ had been 
perfected by the senior author which made 
it possible to vary the rate of liquid dis- 
charge by means of a simple flow valve, 
without changing the nozzle or affecting 
the pressure. An injector of this type, 
adjusted to deliver the liquid at 100 
pounds pressure, was carefully calibrated 
with a flow valve and was used in all 
the 1947 experiments (Fig. 2). 

The conventional spray treatments 
used for comparison studies in most of the 
experiments were applied with a standard 


1 Niagara Dircet Drive. 

2 Bean Duplex. 

® Purchased from the Spraying Systems Company, Chicago, 
I}linois. . 

4 The possibilities of patenting this injector are now being in- 
vestigated. 
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orchard sprayer developing 500 pounds 
pressure per square inch and a single spray 
gun.° The trees treated with this machine 
were sprayed from the ground only. 

Since we were interested in the effi- 
ciency of the method of application, rather 
than the performance of materials, a 
single dormant-type paraffinic oil® was 
used in all tests. The specifications for this 





Fia. 2.—Close up of mist nozzle showing position of 
liquid injector in relation to air discharge tube. 
Flow valve on left and shut-off valve on right. 


oil fall within the limits of those of the 
superior type dormant spray oilestablished 
by Pearce et al. (1942) as follows: 


Specifications for Dormant Type Spray Oils 


Viscosity (Saybolt at 100° F.) 90-120 seconds 

Viscosity Index (Kinematic) 100 minimum 

Gravity (A.P.I. degrees) + 32 minimum 

Unsulfonated residue (per cent) 90-92 

Homogeneity A relatively narrow boiling dis- 
tillate portion of petroleum 


Pour Point Not greater than 30° F, 


To eliminate differences which might 
be attributed to the emulsifier or the 
method of making the emulsions, a stand- 
ard procedure was adopted. It consisted 
of first mixing 1.5 per cent of spreader’ with 
the oil. The desired amount of this com- 
bination was then added to 4 gallons of 
water in the spray tank with the agitator 
running. After passing the material 
through the pump and a small nozzle 
and back into the tank for 2 minutes, the 
tank was filled to 12 gallons and the 
liquid supply line flushed with the diluted 
emulsion before making the application. 
This procedure produced a relatively 
quick-breaking oil-in-water emulsion. 

The mist treatments were applied to 
both sides of each row as the equipment 
moved through the orchard at a speed of 


5 Friend Pecan, 

6 Sovaspray #2, manufactured by the Socony Vacuum Oi} 
Company. 

7 Triton B1956 an emulsifier manufactured by Rohm Haas & 
Company. 
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about 2 miles per hour. The nozzle was 
manually directed to give as complete a 
coverage of the trees as possible. In gen- 
eral, it was found desirable to keep the 
nozzle at least 5 feet away from the near- 
est limbs while making the treatments. 
This gave the particles time to disperse 
into a more uniform cloud and reduced 
the danger of over-treating nearby limbs. 
In 1946, the rate of application was con- 
trolled by using different sized nozzles 
calibrated to deliver 1, 2, or 3 gallons per 
minute at 100 pounds pressure. By using 


Table 1.—Relation of oil concentration and 
rate of application to oil deposit when applied 
with the mist sprayer—1946 Series. 








Ma. Or Depos- 
ITED PER Sa. IN. 
or Bark 


Quarts APPLIED 
PER TREE 
Om 
CONCEN- 
TION 


3.12% 
6.25% 
12.50% 
25.00% 
25.00% 
50.00% 
100 .00% 





Tree 
Tops 


Lower 


Limbs 


Emul- 
sion Oil 





0.43 
0.38 
0.63 
1.29 
2.33 
2.62 
2.33 


0.24 
0.21 
0.33 
0.80 
2.37 
3.00 
1.67 


7.80 
3.33 
2.67 
3.20 
9.50 
6.00 
1.67 


0.89 
1.79 





Five medium to large McIntosh trees about 25 years of age 
used for each treatment. 


the new type of injector in 1947, the rate 
was varied by adjusting a calibrated flow 
valve inserted in the fluid supply line just 
behind the nozzle. 

After each treatment, the amount of 
material used was determined and the 
number of quarts used per tree calculated. 
As soon as the bark appeared dry, twig 
samples were taken from which the milli- 
grams of oil deposited per square inch 
of bark sulface were determined in the 
manner reported by Pearce et al. (1941). 
All treatments were made in the green 
tip or delayed dormant stage of bud de- 
velopment. 

In certain tests, European red mite, 
Paratetranychus pilosus, C&F, control 
data were taken which were based on the 
percentage of overwintering eggs hatching 
the numbers of mites per leaf later in the 
season, or by both methods. All mite 
control data were compared with similar 
counts on untreated trees made on the 
same dates. 

The data herein reported are grouped 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 41, No. 2 


to bring out certain pertinent observations 
rather than in chronological order. The 
preliminary work in 1946 indicated several 
trends which guided later studies. It was 
found (1) that the amount of oil per tree 
necessary to produce a given oil deposit 
on the bark was less in the case of mists 
than in the case of conventional high 
pressure sprays; (2) that, for the equip- 
ment used, the deposit from undiluted 
oils was uneven, resulting in a dangerously 
high residue on the lower limbs; (3) that 
oil-in-water emulsions of the type used 
which contained more than 30 per cent 
oil were too viscous to handle well in the 
pump and failed to break up into fine 
enough particles to give an even distribu- 
tion on the bark. 

In 1946 and 1947 series of tests were 
made to determine the effect of oil con- 
centration and rate of application on the 
amount of oil deposited. Although carried 
out in different orchards in the 2 years 
the trees were similar, except that those 
used in 1947 were slightly larger. In both 
instances they were medium to large 
McIntosh about 25 years of age. The 
results of the 1946 experiment-.are sum- 
marized in table 1. When the 3.12 per cent 
oil emulsion was applied at approximately 
twice the rate of the 6.25 per cent ma- 
terial, the oil deposits were similar and in 


Table 2.—Relation of oil concentration and 
rate of application to oil deposit when applied with 
the mist sprayer—1947 Series. 








Mae. Or Deposirep 
PER Sq. IN. oF 
Bark 


Ou. APpPLica- 
Concen- TION Rate Quarts per TREE 
TRATION 





Lower Tree 


Gals. per Emul- 
Limbs Top 


Minute sion 


g 


Per Cent 





3.00 0.08 
0.48 
0.65 
0.38 
1.00 
1.62 
1.19 
2.03 
2.43 
2.27 


6.25 
6.25 


abe 
sz 
- co 


6.25 
12.50 
12.50 
12.50 
25.00 
25.00 
25.00 

100.00 


mm OO SMe Owe 
wNaCOow 
aun Sew 
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Four medium to large McIntosh trees about 25 years of ‘age 
used for each treatment, 


proportion to the amount of actual oil 
used per tree. Likewise when the 6.25 per 
cent, the 12.5 per cent and the 25 per cent 
oil emulsions were applied at nearly the 
same rate per tree, the deposit was in 
proportion to the amount of actual oil 
used. Similarly, tripling the amount of 25 
per cent emulsion used per tree doubled 
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the deposit obtained. Because of the 
viscous nature of the 50 per cent material, 
it was necessary to apply it with a nozzle 
having a larger orifice. This produced a 
mist of relatively larger particle size and 
tended to give a spotty deposit on the 
bark. The undiluted oil performed satis- 
factorily with the regular injectors, but 
it gave a very heavy deposit on the limbs 
nearest the nozzle which caused severe 
injury to the buds. 

The 1947 series was more extensive and 
the data, presented in table 2, support the 
1946 results. The deposits obtained paral- 
leled very closely the amount of actual 
oil applied per tree. Between the concen- 
trations of 6.25 per cent and 25 per cent 
emulsions there was little or no difference 
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Table 3.—Results of large scale experiment 
showing relation of oil concentration and rate of 
application to oil deposit—1947. 








Ma. Orn 
DeEpositEeD 
PER Sa. IN. 

or Bark 


Quarts APPLIED 
O1L PER TREE 
CONCENTRA- 


TION 





Emulsion Oil 





4.84 
4.89 
38.46 


0.60 
1.22 
1.15 


12.50% Mist 
25.00% Mist 
3.00% Spray 





Thirty to forty medium to large apple trees of several varieties 
used for each treatment. 
Deposit data taken on N. Western Greening variety. 


with a 3 per cent oil emulsion. In the mist 
application the correlation between the 
amount of actual oil applied and the de- 
posit is obtained apparent. With the 


Table 4.—Two years experimentation—conventional sprays versus mists in the same orchard. 








Om TYPE 


Quarts PER TREE Ma. Om 





YEAR 
Ap- 
PLIED 


CoNCEN- OF 
TRATION, APPLI- 
Per CENT CATION 


Emul- 
sion Oil 


Mires Per 100 Leaves 





PER Sq. 
IN. OF Reduc- or 
Bark 6/17 tion 7/14/47! 


Per Cent 8/14/46! Pgr Cent 
Redue- 
tion 





1946 1.5 0.09 


1947 1.! 


6.25 


Mist 


Mist 1946 


1947 


12.50 


Mist 1946 


1947 


25.0 


1946 


2.00 in 
1947 33.3 


3.00 


Spray 


1946 ie 
1947 — aes 


Contrel None 


0.48 26 
0.55 — 


97.4 1771 43.6 


2211 60.2 


.59 1 
64 — 


99.9 242 92. 
1404 74. 


.08 : 30 99. 
.99 216 96. 


13 : 970 
.28 534 


i 3140 
titer 5553 





1 Counts made at approximately the peak of the red mite populations. 


Twelve to 22 11-year old Kendall trees used for each treatment. 


Control data based on similar counts made in the untreated plots on the same dates. 


in the deposit laid down per unit of oil 
applied. On trees of equal size, the deposit 
was determined by the amount of actual 
oil applied, regardless of the concentration 
used. Wherever twig samples were taken 
from the tree tops, the oil deposit equalled 
at least 70 per cent of the deposit found 
on samples taken at shoulder height. This 
variation in oil deposit between the top 
and bottom of the tree is essentially the 
same as that which results from conven- 
tional spraying. 

Table 3 represents data taken from a 
large scale experiment, involving blocks 
of 30 to 40 trees each, in which two oil 
concentrations applied as mists were com- 
pared with a standard spray treatment 


conventional spray the amount of actual 
oil per tree necessary to attain a given 
deposit on the bark is about twice that 
needed for the mist application. This may 
by explained in part on the basis of the 
run-off experienced in the conventional 
applications or it may be due to a rela- 
tively lighter deposit laid down on the 
trunks and scaffold limbs by the mist ap- 
plications. 

To check the reproducibility of the 
results obtained on the rate of applica- 
tion, oil deposit, and European red mite 
control, an orchard treated in 1946 was 
treated with the same series of concen- 
trations and on the same plots in 1947. 
This, an 11-year-old Kendall orchard pro- 
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ducing an average of 8 bushels of apples 
per tree in 1947, was divided into blocks 
of from 12 to 22 trees each and treated 
as indicated in table 4. In both years, a 
close correlation was obtained between 
the amount of actual oil applied and the 
amount deposited, in addition to a close 
correlation between the oil deposit and 
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coverage of the trees was obtained with 
these treatments. No injury was observed 
on any of the treated trees beyond a 
slight retardation of bud development in 
the case of the trees misted with the 25 
per cent oil emulsion. 

Table 5 summarizes the results obtained 
in a Red Delicious orchard treated in 


Table 5.—Relation of oil concentration and rate of application to oil deposit and European red mite 














control—1947. 
Per CEent Eaas Per 100 Leaves 
Ma. Or ConTROL JuLy 11 
Quarts PER TREE PER SQ. OvER- —_ 
Om ——_— IN. OF WINTERING Per Cent 
CONCENTRATION Emulsion Oil Bark Eaes Eggs Reduction 
6.25% Mist 6.00 0.38 1.04 87.6 1195 Re. 
12.50% Mist 4.00 0.50 1.53 95.9 129 91.1 
25.00% Mist 2.52 0.63 1.52 100.0 31 97.8 
3.00% Spray 50.00 1.50 1.73 99.6 74 94.8 
Control] None — — —_ — 1445 —- 





Blocks consisting of 45 trees each used for each treatment. 
; 


the degree of red mite control. The data 
on red mite control for August 1946 and 
July 1947 were selected as being at ap- 


proximately the peak of the red mite: 


populations. In both years, the infestation 
in this particular orchard dropped to a 
very low level following the counts. No 
counts were made on the per cent kill of 
overwintering eggs in these experiments, 
but the fact that the summer mite popu- 
lations remained low in the mist-treated 
plots indicated that rather complete 


Table 6.—Relation of oil concentrations and 
rate of application to oil deposit and the control 
of overwintering red mite eggs—1947. 














Per Cent 

Quarts perk TREE Ma.Om ContTroL 
—_—————— PER Sq. Over- 

Om Emul- IN. or WINTERING 
CONCENTRATION sion Oil Bark Egos 
12.50% Mist 3.5 0.44 1.21 99.1 
25.00% Mist 2.8 0.70 1.52 99.4 
3.00% Spray $7.5 1.12 1.35 99.4 





Table 7.—Seasonal build-up of European red 
mite populations following delayed dormant mist 
and spray treatments—1947. 








Mires per 100 Leaves 











Me. O11 

PER Sq. July 11 Aug. 8 Sept. 9 
IN. oF 
Bark Mites Eggs Mites Eggs Mites Eggs 
1.21 34 11 216 288 2067 1227 
1.52 41 18 767 1509 1597 908 
1.35 15 3 79 74 1842 1488 
None 2136 737 9127 5215 46 134 





1947. The plots in this experiment con- 
sisted of 20 trees arranged in unreplicated 
blocks of 4 by 5 trees each. In this case, 
an attempt was made to adjust the rate of 
application of each concentration to ob- 
tain an oil deposit sufficient to give com- 
mercial control of the overwintering red 
mite eggs. Thus, the rate of application 
was decreased as the oil concentration in 
the mists was increased. Because of the 
difficulty met in keeping a constant tractor 
speed on sloping terrain, the results were 
not as accurate as desired. However, the 
correlation between the amount of oil 
used per tree, the oil deposit on the bark 
and the kill of overwintering eggs is rea- 
sonably close. It was unfortunate that a 
heavy infestation of the two-spotted 
mite, Tetranychus bimaculatus, Harvey, 
developed in this orchard prior to the 
July 11 leaf count. It was impractical to 
try to differentiate between the active 
stages of these two species of mites and 
the data were taken on the basis of the 
European red mite eggs present. The fact 
that the red mite control persisted through 
mid-summer indicates a rather complete 
coverage of the trees with the oil treat- 
ments. 

Another Red Delicious orchard, very 
heavily infested with overwintering mite 
eggs, was divided into three plots of 8 
to 12 trees each and treated in 1947. 
Tables 6 and 7 present a résumé of the 
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data obtained from this experiment. Due 
to the wet condition of the ground, some 
difficulty was experienced in making the 
25 per cent oil mist application. This is 
reflected in the red mite counts made on 
the foliage later in the season. The correla- 
tion between the amount of oil applied per 
tree, the oil deposit, and the control of 
overwintering mite eggs followed very 
closely that obtained in the other tests. 
The later divergence can be explained 
by a series of observations made at inter- 
vals during the spring and summer. As 
indicated, these trees were heavily infested 
with overwintering red mite eggs so that 
there was an abundance of these eggs on 
the trunk and scaffold limbs, especially 
under the loose bark and in cracks and 
crevices. When leaf samples were taken 
on July 11, it was observed that mites 
were numerous on foliage on the short 
spurs and water sprouts near the trunks 
of the trees treated with the mists. Counts 
made on the samples, which were taken 
from the tree periphery, were low. This 
condition was not apparent on the trees 
treated with the conventional sprayer. At 
the second count, on August 8, the inner- 
most leaves of the misted trees were 
severely bronzed. The mites had migrated 
toward the periphery of the tree and 
began to show up in the leaf counts while 
the conventionally sprayed trees still 
maintained a rather low population. By 
the September 9 count, a heavy mite 
population was found throughout all the 
treated trees, including those sprayed 
with the conventional equipment. The 
check trees, which had built up a tremen- 
dous population in August, were partially 
defoliated and the mite population had 
dropped to a very low level. 

It is evident, in this particular case, 
that the mist sprays were not as effective 
in reaching the mite eggs partially shel- 
tered by the rough bark on the trunks of 
the trees as was the conventional spray. 
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This indicates that, under certain condi- 
tions of rough bark or where heavy insect 
populations are located on the trunks and 
scaffold limbs, more effort must be di- 
rected toward covering those parts of the 
trees with the mists. That excellent con- 
trol of the mites was obtained in the other 
parts of the tree is shown by the kill of the 
overwintering eggs and the low popula- 
tions in the outer parts of the tree on 
July 11. 

SuMMARY.—Seven experiments carried 
on in six different apple orchards during 
1946 and 1947 produced evidence to indi- 
cate that the application of dormant oil 
emulsions in the form of mists may be an 
efficient and economical method of making 
such treatments. The amount of oil de- 
posited per unit of bark surface for any 
given size of tree was found to be cor- 
related with the amount of actual oil 
applied rather than with the concentra- 
tion of oil in the mist. The most effective 
and efficient concentration of oil used was 
the 25 per cent emulsion. The undiluted 
oil tended to deposit heavily on nearby 
limbs and caused injury to the buds in 
that area of the tree. Oil concentrations 
above 25 per cent were too viscous to 
handle satisfactorily in the equipment 
used, while concentrations below this 
level added bulk and weight to the emul- 
sion without contributing any measur- 
able advantage. 

Compared to conventional sprays the 
mist applications required one-third to 
one-half the amount of actual oil per tree 
to produce an equivalent oil deposit. In 
one case where there was a heavy popu- 
lation of red mite eggs on the rough bark 
of the tree trunks some difficulty was 
experienced in obtaining an effective 
ail deposit on these eggs. However, where 
oil deposits were comparable the red mite 
control was similar whether the material 
was applied with a high pressure sprayer 
or in the form of a mist. 
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Oils in Dormant Sprays to Control European Fruit 
Lecanium and Cottony Peach Scale’” 


E. H. Wuee.er’ and G. D. Operue, Geneva, N. Y. 


Dormant or semi-dormant applications 
of petroleum oils, at 3 per cent concen- 
tration, are employed commonly in New 
York plum, prune and quince plantings 
to control occasional outbreaks of the 
European fruit lecanium (Lecanium corni 
Bouche). Harmon (1927) found similar 
sprays, at 4 per cent strength, effective 
against the cottony peach scale (Pulvi- 
naria amygdali Ckil.). A recent heavy in- 
festation of the former in a large quince 
orchard provided an opportunity to test 
the efficiency of certain oils against this 
common lecanium. In 1946, in local peach- 
growing areas in Western New York, the 
cottony scale became commercially im- 
portant for the first time since the period 
1925-28. Many growers faced with mis- 
givings and considerable reluctance the 
necessity of dormant applications of oil 
sprays to peach trees. Unfortunately, the 
earlier outbreak of cottony scale coincided 
with a period when trees in many New 
York peach orchards were injured severely 
or even killed outright. Felt (1928) re- 
ferring to statements made by Professor 
S. W. Harmon, noted that the injury 
followed two severe winters when thou- 
sands of peach trees were killed or se- 
riously injured. The results from applica- 
tions of oil sprays to weakened trees or 
from the use of a combination of oil and 
copper sulphate solution by a number of 
growers made a lasting impression upon 
orchardists and professional workers alike. 
This situation, together with recent de- 
velopments in studies of petroleum oils 
as insecticides, made it desirable to ex- 
amine again the problem of cottony scale 
control with dormant applications of oil 
sprays. This decision provided an op- 
portunity also for additional studies on 
the effect upon peach trees of petroleum 
oils and oil-fungicide combinations. 

Petroleum oils have long been used 
extensively against the several stages of 
scale insects. Only recently, however, has 

Eastern Branch Program. 

1 Journal Paper No. 727, New York State Agricultural Experi- 
ment Station, Geneva, N. Y., November 26, 1947. 

2 The authors wish to express their appreciation to Dr. G. W. 
Pearce and Dr. P. J. Chapman who cooperated in the selection 


of oils and determination of oil deposits. 
8’ Now Extension Entomologist, Univ. of Massachusetts, 
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it been demonstrated that differences in 
the structural composition and other 
properties of oils are correlated with their 
efficiency as insecticides. Pearce et al. 
(1942) and Chapman et al. (1944) have 
shown that paraffinic-type oils are more 
efficient as killing agents than are those 
classed as napthenic. Among others, eggs 
of the fruit tree leafroller and winter forms 
of the San Jose scale were used by these 
investigators to test the efficiency of 
various types of oils generally available 
for dormant spraying. Two of the products 
chosen for the experiments discussed 
herein, are representative of distinct types 
of petroleum oils; that designated by A3 
(Table 1) having the characteristi¢s as- 


Table 1.—Composition of oils tested. 








Om NuMBER 


DI Al AS. 








Saybolt universal viscosity at 120.9 150.6 100.9 
100° F. 
Gravity API-60° F. 21.8 27.8 34.2 
Density 420° 9189 8842 {8502 
Kinematic Viscosity Index —4 63 115 
(ASTM) 
Aniline point, ° C. 67.0 82.8 104.4 
Unsulfonated residue 
(ASTM) per cent (approx.) 70-75 75-80 90-92 





sociated with a paraffinic base whereas 
the properties listed for oil D1 indicate 
its napthenic character. Oil Al is an 
intermediate type. 

Conventional power spraying equip- 
ment was used in these investigations to 
apply the oil and oil-fungicide combina- 
tions under typical dormant conditions. 
Buds had begun to swell but no green 
tissue was visible. Owing to winds of 
varying velocity and direction some over- 
spraying was done to assure complete 
coverage. Often it was necessary to em- 
ploy a coarse, driving spray rather than 
a finer fog-like application which would 
have been preferable, especially from the 
standpoint of plant injury. Emulsification 
was accomplished just prior to spraying 
by the use of 2 ounces of blood albumin to 
each 100 gallons of diluted spray except 
when the treatment included bordeaux 
mixture. Because Chapman et al. (1941) 
have demonstrated a correlation between 
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the quantity of oil deposited on apple 
bark and the insecticidal value of the 
treatment, oil deposit data are included 
in this report. 

Resutts—Evurorpean Fruit Leca- 
niumM.—Under New York conditions this 
coceid suffers a high winter mortality. 
And since the dead larvae are dislodged 
easily from the bark, the effectiveness of 
the several treatments could not be 
measured by counts of living and dead 
scales. Fortunately the number of trees 
treated with each material and the uni- 
formity of the infestation helped to over- 
come this difficulty. Counts of living 
scale were made on two series of 6- and 
10-inch sections of smaller limbs and 


Table 2.—Efficiency of three types of oils in 
dormant sprays against European fruit lecanium 
on quince. 
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NuMBER 
Me. Om or Livine 
DepositepD ScALES PER 
Om Per Cent per Sa. IN. LINEAR CONTROL 
Cope OW IN Bark Foot or  EFrrictrncy 
Numper Spray! SURFACE Lims? Per Cent 
D1 0.25 0.02 (?) 20.4 36.4 
D1 0.5 0.10 15.9 50.4 
D1 1.0 0.28 11.5 64.1 
D1 2.0 0.64 2.3 92.8 
Al 0.25 0.07 18.0 43.9 
Al 0.5 0.13 13.2 58.8 
Al 1.0 0.33 4.5 85.9 
Al 2.0 0.82 1.7 94.7 
A3 0.25 0.16 9.4 70.7 
A3 0.5 0.20 7.1 7.8 
A8 1.0 0.56 2.5 92.2 
AS 2.0 0.558 0.6 98.1 
Control — —_ 32.1 — 





1 Emulsified with 2 oz. actual blood albumin to each 100 gal 
lons. 

2 Based upon examination of two series of 6- and 10-inch sec- 
tions of limbs totaling about 43 linear feet in each treatment and 
the check. 

8 Drops of spray material not thoroughly dried down when 
sample collected; many shaken off in handling. 


branches totaling about 43 linear feet for 
each treatment and the check. These 
data, as assembled in table 2, present 
evidence that, at like concentrations, 
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paraffinic oils are superior to a naphthenic 
type for the control of this lecanium. In 
general the increased deposits recorded 
in this test for oils of the paraffinic types 
confuse the relationship between oil type, 
deposit and control efficiency. Attention 
is directed, however to the control ob- 
tained with oils D1 and A1 at 1.0 per cent 


and with oils D1 at 1.0 per cent and A3 


Table 3.—Efficiency of three types of oils ap- 
plied in dormant sprays to cottony peach scale. 











Me. Ow 

Om Per Deposirepn NuMBER ConTROL 
Cope Cernt PER Sq. ScALES Erri- 
Noum- Orin In. Bark ExamM- Per Cent crEeNcy 

BER Spray! SurRFAce INED Auive Perr Cent 
D1 0.5 0.46 1301 52.7 7.6 
D1 1.0 0.68 1128 45.9 19.5 
D1 2.0 0.77 1099 41.1 27.9 
D1 3.0 2.15 959 12.0 64.3 
Al 1.0 0.80 999 37.7 33.9 
Al 2.0 1.39 765 13.5 76.3 
Al 3.0 2.34 1303 2.5 95.6 
A3 0.5 0.15 1587 53.7 5.8 
A3 1.0 0.45 758 44.9 21.2 
A3 2.0 0.86 1398 11.9 79.1 
A38 3.0 1.46 1048 2.8 95.1 
Control — — 1050 57.0 _ 





1 Emulsified in tank with 2 oz. actual blood albumin for each 
100 gallons. 


at 0.5 per cent. In these cases, where 
deposits are comparable, the superiority 
of the paraffinic oil is quite apparent. 
Cottony Pracu Scaute.—Unlike the 
previous species most individuals of the 
cottony scale remain attached to the bark 
long after they have died from natural 
causes or the effects of an oil spray. Counts 
of living and dead scales found on 2- to 
5-year-old wood from each treatment and 
the check are summarized in tables 3 and 
4. When the data in tables 2 and 3 are 
compared it is apparent, at once, that 
overwintering forms of the cottony scale 
are less susceptible to dormant oil sprays 
irrespective of the type of oil employed. 
However, a study of the data in table 3 


Table 4.—Results obtained with oil alone, oil plus a dinitro compound and oil emulsified with 


bordeaux mixture. 








Amount oF O11, EMULSIFIER AND OTHER 
MATERIAL PER 100 GALLONS 

1% Oil Al, blood albumin 2 oz. 

1% Oil Al, bl. alb. 2 0z., DNOC 129.8 oz. 

2% Oil Al, blood albumin 2 oz. 


2% Oil Al, 5-5 bordeaux mixture 
4% Oil Al, 5-5 bordeaux mixture 


Bark SURFACE 


Me. O11. 
DeEposITED NUMBER ConTROL 
PER Sa. In. SCALES EFFICIENCY 


Per Cent 


0.80 999 33.9 
0.93 1214 74.0 
1.39 765 76.3 
1.03 1194 43.3 
1.8 1042 64.0 
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will show unaltered the relationship be- 
tween paraffinicity and control efficiency. 
The superiority of the paraffinic oils is 
well demonstrated by comparisons be- 
tween treatments for which the deposits 
were closely parallel; D1 at 0.5 per cent 
and A$ at 1.0 per cent or oils D1 and A3 
at 2.0 per cent are examples. At the 3.0 
per cent concentration, relatively heavy 
deposits of the napthenic and intermedi- 
ate types of oil gave controls lower or 
equal to those recorded for a lighter de- 
posit of oil A3. 

Ou-FunGicipeE =ComBrnations.—In 
one series of treatments on cottony peach 
scale 2 pounds of a commercial dinitro 
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deaux mixture was combined with Al 
oil at 2 and 4 per cent concentrations 
using the bordeaux as the emulsifying 
agent. The data obtained, though limited 
(Table 4), show a definite decrease in the 
kill of the cottony scale where this com- 
bination was used. 

Errect or TREATMENTS ON TREES.— 
Studies made recently on the effect of 
dormant oil sprays on apple and peach 
trees showed that the application of oil 
sprays had marked retarding effects on 
the respiratory activity of sprayed twigs 
(Oberle et al., 1944). Similar studies were 
therefore made on twigs on Elberta peach 
trees receiving some of the spray treat- 


Table 5.—Respiratory activity of Elberta peach twigs sprayed with oil in combination with other 


materials April 17, 1947. 








Amount or O1L, EMULSIFIER AND OTHER 
MATERIALS PER 100 GALLONS 


Ma. O11 Per Cent CHANGE IN 
DEPOSITED Respiratory Activity 
PER Sa. In. — 
Bark SURFACE Apr. 28 May 7 








2% Oil Al, emulsified with a 5-5 bordeaux mixt. 
4% Oil Al, emulsified with a 5-5 bordeaux mixt. 
2% Oil Al, bl. alb. 2 oz., DNOC 12.8 oz. 
4% Oil Al, bl. alb. 2 oz., DNOC 12.8 oz. 


Control! 


—1.8 
—0.3 
1.32 +9.1 
2.22 ; +0.5 
Sam 5.38 5.92 - 


—10.6 
on GI 
—23.1 
— 28.9 

6.87 


. 1.03 
1.80 





1 Mgs. CO: evolved per gram of twig during 16 hour period. 


powder (40 per cent 4,6 dinitro-o-cresol) 
were combined with Al oil at 1, 2 and 
4 per cent strengths emulsified in the 
usual manner. Results were taken from 
the one per cent treatment only (Table 
4). It is quite evident that in this test the 
effectiveness of the oil was increased 
greatly by the addition of the dinitro 
compound. The effect of this combination 
upon the tree will be discussed in a later 
section. 

Bordeaux mixture (2-4-100) is com- 
monly employed as the emulsifying agent 
in the preparation of oil sprays. Porter 
& Sazama (1930), reported studies on the 
influence of bordeaux mixture on the ef- 
ficiency of oil emulsions in dormant 
sprays for the control of San Jose scale. 
They concluded that the addition of 4-6- 
100 to 8-12-100 bordeaux mixture reduced 
the efficiency of the oil in concentrations 
up to 1.5 per cent. One treatment listed 
by Harmon (1927) included a 4 per cent 
oil with 6-6-100 bordeaux mixture; the 
results obtained indicated a _ reduced 
efficiency. 

In these experiments, a 5-5-100 bor- 


ments listed in tables 3 and 4 and certain 
other applications. The method used to 
measure the respiration of the peach 
twigs was the one described by Oberle 
et al. (1944). Respiration trials were con- 
ducted on material collected 6 days, 11 
days, and 19 days after spraying or on 
April 23, April 28 and May 7. 

Table 5 presents the data from this 
study. These data show that all of the 
treatments studied caused increases in 
the rates of respiration of the twigs still 
measurable 6 days after spraying; es- 
pecially sharp increases being recorded 
for the oil-dinitro combinations. 

Five days later the bordeaux-oil 
sprayed twigs had decreased in the rates 
of respiration to slightly lower than the 
check twigs. Twigs receiving the oil-plus- 
dinitro sprays were still respiring more 
actively than the checks. Nineteen days 
after treatment all sprayed trees showed 
rates of respiration which were markedly 
lower than those of the check trees. The 
oil-plus-dinitro sprays caused especially 
great decreases in respiratory activity. 

Visual study, on May 7, of the plots 
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receiving the various treatments showed 
that all of the sprayed trees were some- 
what retarded in development of buds 
as compared to the check trees. On May 
26 the trees receiving the bordeaux-oil 
sprays were only slightly retarded as 
compared to the check trees but the 
plots receiving the oil-plus-dinitro ma- 
terial showed retardation effects and bud 
injury as well. A high proportion of the 
lateral buds, including both fruit and 
leaf buds, showed unmistakable evidence 
of injury. Many were already dead and 
dropped off when touched. Others were 
still alive but when sectioned were found 
to have the growing point dead or severely 
injured. Those which did start growth on 
these trees were mostly terminal buds or 
buds near the terminals. These buds prob- 
ably retained lighter deposits of the 
spray materials than did those nearer 
the bases of the twigs. This distribution of 
new growth gave a peculiar appearance 
to the trees which has been called “mule 
tailing’ by growers. This condition was 
still in evidence at midsummer though 
somewhat masked by the vigorous new 
shoots produced near the terminals of the 
twigs. Very few fruits set on the trees 


receiving the oil-dinitro combinations. 
Similar studies made on twigs from 

Elberta peach trees sprayed while dor- 

mant with each of the three types of oils 
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at concentrations up to 4 per cent showed 
no consistent respiratory response to the 
treatments. Other than a slight retarda- 
tion in development associated with the 
heavier dosages no effect attributable to 
the oils was observed on these trees. 

Summary.—Three types of petroleum 
oils, emulsified with blood albumin, were 
used in dormant sprays directed against 
the European fruit lecanium on quince 
and the cottony peach scale on peach. 
Oils having characteristics associated 
with greater paraffinicity were found more 
effective against both species than the 
naphthenic type. Paraffinic oils, at 2 per 
cent, gave commercial control of the 
lecanium scale; a 3 per cent oil was re- 
quired to control the cottony scale. 

Against the latter, the effectiveness of 
oil sprays was increased by the addition 
of a dinitro compound. Marked increases 
in the rate of respiration of twigs treated 
thus were followed by similar decreases 
due to the injuring or killing of buds. 

Emulsification with a 5-5-100 bordeaux 
mixture greatly decreased the insecticidal 
efficiency of the oil tested at both 2 and 4 
per cent concentrations. No permanent 
injury to the trees followed the use of this 
combination although changes in respira- 
tory rates and retardation effects were 
noted. 
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H. C. Huckert 1n Europe 


Dr. H. C. Huckett of Riverhead, Long Island, a 
member of the staff of the New York State Agricul- 
tural Experiment Station of Geneva, is spending a 
six-months sabbatical leave in northern Europe. 
Mr. Huckett plans to devote some time to studies of 
Diptera of Northern Europe and to attend the Inter- 
national Congress of Entomology in Stockholm in 
August. 











The Toxicology of 4, 6 Dinitro-o-cresol as an Aphid Ovicide'” 


P. J. Cuapman and A, W. Avens, New York State Agricultural Experiment Station, Geneva 


In areas where winter temperatures 
fall appreciably below freezing most spe- 
cies of aphids overwinter in the egg stage 
on a woody host. Advantage may be taken 
of this fact to control certain economic 
forms through the use of an ovicide. 
Such treatments are now restricted, 
generally, to deciduous fruit trees and 
shrubs and with these to applications in 
the full dormant period owing to the 
caustic nature of products found effective 
for this purpose. The standard aphid ovi- 
cide employed at present is 4, 6 dinitro-o- 
cresol. An ovicidal treatment will prove 
most valuable against migratory species 





Fia. 1.—Eggs of Aphis fabae Scop. on Euonymus 
europaeus L. (enlarged 6X) 


where protection is sought for the winter 
host. 

Dinitro-o-cresol received earliest atten- 
tion from the European dye industry. Al- 
though it apparently never found any 
large use as a dye, it became sufficiently 
well known to have been named Victoria 
Yellow. Pastac (1937) reports its use in 
1882 as a coloring agent for butter, a prac- 

Eastern Branch Program. 

1 Journal Paper No. 739, New York State Agricultural Ex- 
periment Station, Geneva, New York, December 18, 1947. 


2 This investigation has been aided by a grant from the Dow 
Chemical Co., Midland, Michigan. 


tice later abandoned when the toxic 
nature of the material was learned. 

This chemical was first used as an in- 
secticide more than 55 years ago. The po- 
tassium salt combined with soap was 
offered for sale in Germany prior to 1892 
under the name of Antinonnine (Bourcart 
1913). Lodeman (1893) conducted some 
limited field trials with Antinonnine in 
New York in 1893. He found it highly 
toxic to plant foliage and _ ineffective 
against “the common green plant louse”’ 
on quince. Gimingham ef al. (1926) were 
the first to show the value of dinitro-o- 
cresol as an aphid ovicide. 

In this country, modern interest in the 
nitro derivatives of phenolic compounds 
for insecticides dates back to about 1936 
(Dutton). At first considerable interest 
was shown in dinitro-petroleum oil com- 
binations. The use of this has now greatly 
lessened owing to the tree injury hazards 
involved. Where both dinitro and oil are 
needed, growers in New York are advised 
to use them in separate treatments, the 
dinitro in the dormant period and the oil 
in the “‘green-tip” or “delayed dormant” 
bud stage. Weathering is depended upon 
to remove dinitro residues between spray- 
ings. The present study is restricted to 
dinitro products used alone in water. 

Dinitro-o-cresol is now available com- 
mercially in the form of a salt, usually the 
sodium salt, and as the acid. Both are 
advised at the same _ dinitro-o-cresol 
strength which, for the control of aphids in 
New York, is 9.6 ounces in 100 gallons 
water. 

Tue ProspLem.—lIt can be said that the 
use of dinitro-o-cresol for aphid control 
in orchard spray programs has now been 
reduced to a fairly satisfactory practice. 
However, a number of fundamental 
questions have remained unanswered. 
These include: What is the minimum 
quantity of toxicant required to kill 
aphid eggs? How do various forms of the 
toxicant compare in efficiency? What 
effect does water hardness have on per- 
formance? How do fall applied treatments 
compare with spring applications? How 
much, if anything, do wetting agents con- 
tribute to control efficiency? The present 


190 








et. ‘am Gen 


— sa0 we ee ee: a ee ee 


= 


ql 
ay 


te 
th 


a si 
shr 
era 
mo 
the 


tig: 








A pril 1948 


study was undertaken in 1944 and has 
been continued during each succeeding 
year in an attempt to supply this lacking 
information. 

During the course of this work observa- 
tions have been made on the eggs (Fig. 1) 
of more than 30 species of aphids’ while 
data on the response of aphid eggs to 
dinitro-o-cresol have been obtained on 22 
species. A list of these latter together with 
the host species involved is given in table 
1. (Omissions from this list include several 
economic species, notably the rosy apple 
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mation on their response to insecticidal 
treatment. Perhaps this accounts for the 
dearth of published data based directly 
on the eggs. 

One of the more serious complications 
is the varied hatchability of the eggs, pre- 
sumably due to variations. in fertility. 
What appear to be healthy eggs several 
weeks before hatching time may show an 
extreme range from no hatch to almost 
complete hatch. A case in point is our 4 
years of experience with eggs of the apple 
aphid, Aphis pomi De Geer. In 1945 and 


Table 1.—Aphid species studied, plant host, hatching periods of eggs and tentative susceptibility 


rating to dinitro-o-cresol. 











Suscepti- 
Time oF BILITY 
Apuip SPEcIEs Host Invo.vep 1n Stupy Hatcu Ratine 
Aphis fabae Scop. (bean aphid) Euonymus euro L. early high 
Capitophorus braggti (Gill.)4 P : Eleagnus spp. Russian olive) early high 
Rhopalosiphum prunifoliae (Fitch) (apple te aphid) Malus pumila Mill. (apple) early high 
Myzus persicae (Sulz.) (green peach aphid)! Prunus Persica Batsch. (peach) early high 
Hyalopterus arundinis ( fy iaeny plum aphid) Prunus domestica L. (plum) early high 
Amphorophora sonchi (Oestl.)} Ribes spp. (ornamental currant) early high? 
Rhopalosiphum conii David! Lonicera tartarica L. (Tartarian honeysuckle) early not det. 
Periphyllus lyropictus (Kessler)! Acer platanoides L. (Norway maple) early high 
Anuraphis viburnicola (Gill.)* Viburnum opulus & V. opulus sterile early high 
Clavigerus salicis (L.) and C. smithiae (Mon.)! Saliz spp. (willow) interm. not det. 
Aphis spiraecola Patch (Spirea aphid) Spirea Vanhouttei interm. interm. 
Aphis pomi De Geer (ap fe aphid) alus pumila Mill. (apple) interm. interm. 
Aphis abbreviata Patch (buckthorn aphid)! Rhamnus cathartica L. (buckthorn) interm. interm. 
Cinara strobi (Fitch)? Pinus strobus L. (white pine) interm. interm.? 
Myzocallis alhambra David! uercus bicolor Willd. (swamp white oak) interm. interm.? 
Longistigma caryae (Harris)! ilia spp. (linden) d late interm.? 
Calaphis betulella Walsh! Betula papyrifera Marsh (canoe birch) late low 
Myzocallis tiliae (L.)! Tilia spp. (linden) late low 
Drepanosiphum platanoides (Schrank)! Acer ps nus L. (sycamore maple) late low 
Myzocallis coryli Goetz! Corylus Avellana L. (filbert) late low 
Phyllaphis fagi (L.)* Fagus sylvatica L. (European beech) late low 








1 Determined by P. W. Mason. 
2 Based on limited, one-year data. 


aphid, Anuraphis roseus Baker, and the 
black cherry aphid, Myzus cerasi (F.). 
Sexual forms of these two species and 
therefore their eggs, were virtually non- 
existent locally during the period 1944 to 
1947). The purpose behind this effort was 
to learn whether eggs of varidus species 
differed in susceptibility to dinitro-o- 
cresol and, secondly, if so attempt to 
establish the maximum and minimum 
quantities of the toxicant required to kill 
aphid eggs generally. 

The writers, in common with all others 
who have attempted to use aphid eggs as 
test subjects, have been impressed with 
the difficulties in obtaining precise infor- 


8 Dr. F. L. Gambrell and the senior author are collaborating in 
a study of the aphids qovussing on fruit and ornamental trees and 
oO 


shrubs from the standpoint of their host lag rp and gen- 
eral bielogy. The ‘ound gai from this work has been 
most helpful in the present study. Acknowledgement is made of 


the invaluable assistance of Dr. P. W. Mason, formerly of the 
U.S. meee Museun, in identifying the various species inves- 
ligated, 


1947 series of test lots involving A. pomi 
eggs had to be discarded owing to the 
occurrence of either no hatch in controls 
or variations ranging from zero to an oc- 
casional lot showing a normal hatching 
rate. Fortunately, many common species 
are more dependable than this. It illus- 
trates further why some economic forms 
do not make the most satisfactory test 
subjects in a study such as the present. 

Some idea of hatching rate and varia- 
tions within a series may be gained from 
data given in table 2. A hatch falling be- 
tween about 35 and 65 per cent in controls 
may be considered “normal” in our ex- 
perience. The hatching rate may vary be- 
tween aphid species, from year to year 
with the same species, for the same species 
and year between eggs from the same host 
species or variety growing under different 
environmental conditions, and even be- 
tween shoot and normal wood growth on 
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the same tree or shrub. It thus is necessary 
to replicate test units, to use comparable 
host wood throughout a test series, and 
to maintain goodly numbers of controls. 
Metuops AND ExPERIMENTS.—Several 
techniques have been used with apparent 
success in critical evaluation studies of 
aphid ovicides. These include methods 
employed by Peterson (1919), Cutright 
(1940) and a procedure developed by 
Kearns & Martin (1936) and modified by 


Table 2.—Natural mortality of aphid eggs in 
typical control series. 











STAND- 
Nom- ————————- ARD 

YEAR BER Per Devia- 

Os- Repu- No. Cent TION or 

SPECIES SERVED caTES Eggs Hatch Hartcn 

Aphis abbreviata Patch 1947 5 887 25.6 + 4.4 

Aphis abbreviata Patch 1947 7 536 52.8 + 6.9 

Aphis fabae Scop. 197 «8 1098 56.1 + 5.7 

Aphis fabae Scop. 1947 7 877 @.0 + 7.1 

Aphis pomi De Geer 1946 9 790 41.4 + 8.9 

Aphis pomi De Geer 1944 6 406 72.5 +12.5 

Aphis pomi De Geer 1947 9 818 23.7 +10.0 

Aphis spiraecola Patch 1947 3 437 70.0 + 4.8 

Capitophorus braggit 1946 8 625 55.0 + 6.1 
(Gill) 

Capitophorus braggit 1945 4 916 49.9 + 8.3 
(Gill) 

Myzocallis tiliae (L.) 1947 3 806 51.7 +11.8 

Phyllaphis fagi L. 1947 9 761 65.2 +11.9 

Phyllaphis fagi L. 1947 7 751 68.5 + 7.8 

Phyllaphis fagi L. 1947 5 970 89.3 +12.0 





Steer (1938) and Tuft (1944). The writers 
have used Cutright’s technique with 
modifications. 

This in brief is the method: A count is 
made of the aphid eggs present on short 
shoot or twig sections before treatment. 
These sections are impaled on pins or 
similar points anchored in a supporting 
base of cardboard or wood. Before hatch- 
ing, a sticky barrier is placed around the 
margin of the base to entrap the aphids 
as they hatch. A count is then made of 
the number of aphids hatching which, 
with the egg count, will provide the essen- 
tial data for calculating a control effi- 
ciency through use of Abbott’s equation 
(1925). 

In the present studies, the twig sections 
were impaled on brads driven through a 
plywood base (Fig. 2). Brads 0.75 inch 
long and size No. 19 were used. The di- 
mensions of the base were 0.25X4X5 
inches. These impaling blocks, each of 
which bore 12 twig sections,were the basic 
experimental units employed throughout 
the present work. The blocks were trans- 
ported and held in shallow trays accom- 
modating 16 blocks. These trays were 
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equipped with a frame to support a paper 
covering placed over the equipment dur- 
ing the hatching period. 

Egg counting for spring tests was begun 
in early March and under local conditions 
normally has continued into April, es- 
pecially where late hatching species were 
being studied. Infested shoots and small 
diameter limbs were collected in the field 
shortly before use. As needed, these were 
cut into sections ranging from about 1 to 
5 inches in length, depending upon the 
intensity of infestation. Counting was 


‘ done in the laboratory using a binocular 


microscope. Except for the time required 
to make the count—usually not over 30 
minutes—the eggs were kept under out- 
door conditions continuously up until a 
few days before hatching was due to start, 
when the blocks were moved into a green- 
house. 

Wood sections with fewer than 10 eggs 
were usually discarded in counting, while 
an upper limit of about 150 eggs was 
maintained. The count was based on the 
number of plump and thus presumably 
healthy eggs present. Those that were 
injured, collapsed, or not fully colored 
were excluded from the count. There was 
naturally some error in the count. This 
is believed to have ranged between 1 and 
5 per cent, depending upon the ease or 
difficulty with which various groupings 
of the eggs could be counted. 

The number of eggs present on the 12 
wood sections impaled on a block varied 





Fic. 2.—Showing infested twig sections mounted on 
impaling block and Tanglefoot barrier. 
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considerably but typically totaled about 
750 eggs. The number of eggs counted for 
the present studies was as follows: 120,- 
094 in 1944; 194,310 in 1945; 299,733 in 
1946 and 815,457 in 1947. 

All materials tested were applied in 
the form of spray. Some series were 
treated with a standard power orchard 
sprayer operating at 400 pounds pressure, 
although the majority were treated under 
30 pounds pressure with a compressed 
air paint spray outfit. The latter work 
was done in a greenhouse. The impaling 
blocks were placed on a small electric 
turn-table during treatment and spraying 
conditions were standardized. The period 
of exposure to spray was 40 seconds or 
until the point of full run-off. 

Following treatment, the blocks were 
held in an outdoor insectary until shortly 
before hatching was due. Each block was 
then ringed with a barrier of Tanglefoot, 
placed in a tray and the ensemble en- 
closed with a paper covering. These cov- 
ered trays were moved to a greenhouse 
where egg hatching was forced through 
to completion. The covering was used to 
reduce air movement to a minimum. It 
thus kept debris and insects other than 
aphids out of the Tanglefoot but, more 
important, kept dead aphids from being 
blown from one block to another. An ap- 
parently normal hatching rate is obtained 
in the greenhouse promded the eggs are 
held under outdoor conditions until shortly 
before hatching starts. Sub-freezing tem- 
peratures, sleet and high winds occurring 
during the hatching period may kill some 
eggs. By following the foregoing proce- 
dure, the writers believe the effect of 
the toxicant alone in killing eggs is shown 
rather than a possible combination effect 
of weather and toxicant. 

Comparisons of various tests reported 
were based on a “minimum effective dos- 
age” value or M.E.D. This is defined as 
the quantity of toxicant required to effect 
95 per cent kill and is equivalent to a LD 
95 of some workers. In the writers’ ex- 
perience this point on a dosage-mortality 
curve can be established with reasonable 
accuracy; further, it has the advantage of 
having practical as well as_ technical 
meaning. Various numbers of replicates 
have been used in the present studies. 
The writers have concluded that five 
replicates should be employed and more 
would be better. Five replicates were 
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used in all of the important test series run 
in 1947. 

Test Matertats.—Two classes of test 
materials were employed in the present 
study: laboratory preparations in which 
pure chemicals were used alone in distilled 
water, and commercial dinitro products. 
The former group consisted of solutions of 
the acid and of the sodium, calcium, am- 
monium and magnesium salts. The stock 
solution of the acid contained 0.034 per 
cent (3.2 ounces per 100 gallons) of the 
toxicant, this being about all that would 
stay in solution at room temperatures. 
Stock solutions of the salts were made up 
to .06 per cent (8 ounces per 100 gallons) 
dinitro-o-cresol. These were prepared by 
combining chemically equivalent quanti- 
ties of the acid with the oxide or hydrox- 
ide concerned. Standard solutions of. the 
sodium and ammonium hydroxide were 
used while exact quantities of pure lime 
and magnesium oxide were weighed out. 
In using the various stock solutions in 
this series no wetting agents or other addi- 
tives were included and dilutions to the 
spray strengths desired were always made 
with distilled water. 

Two commercial products were em- 
ployed in this study and may be described 
as follows: 

DN-dry mix No. 2.: A water dispersible 
powder containing 40 per cent of the toxi- 
cant in the form of the acid. The remain- 
ing portion consists of inert diluent and 
wetting agents.! 

Elgetol: A slurry in which the toxicant 
occurs as the sodium salt, equivalent to 
27.5 ounces dinitro-o-cresol per gallon of 
product. Also incorporated are one or 
more wetting agents and so-called “‘pene- 
trants.’”? 

Both commercial products were diluted 
according to their dinitro-o-cresol content 
and usually in tap water. Owing to the 
difficulties of measuring out small repre- 
sentative samples of Elgetol a stock solu- 
tion was prepared by diluting the contents 
of a gallon lot of the product to 10 gallons. 

Resutts.—Owing to space limitations 
only samples of data taken during the 
past 4 years can be given here. Data 
shown are believed to be representative 
of the whole. 

Since the results of many of the tests 


1 Manufactured by Dow Chemical Co., Midland, Michigan. 
2 Manufactured by Standard Agricultural Chemical Co., Ho- 
boken, New Jersey. 
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to be reported are based on material that 
was sprayed with a compressed air sprayer 
at 30 pounds pressure, it might be of inter- 
est at the outset to compare such data 
with some where treatment was made 
with a standard orchard sprayer operating 
at 400 Ibs. pressure. Such data are shown 
in figure 3. It will be seen that results are 
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Fic. 3.—Dosage-response curve fitted to combined 

data obtained with orchard and paint sprayer. Each 

point represents mean of 5 replicates for former 
series, 3 for latter. 


closely comparable and this is true of other 
data on hand. Where the orchard sprayer 
was used, both detached limbs and entire 
trees and shrubs were sprayed; egg count- 
ing was done following treatment. 

Speciriciry.—Some difference in sus- 
ceptibility was indicated between Aphis 
fabae and A. pomi eggs in the first tests 
conducted in 1944. Now that work has 
been done with a score of species, it is 
clearly evident that the dosage of dini- 
tro-o-cresol required to kill eggs varies 
considerably between species. This fact 
appears not to have been appreciated 
heretofore although Peterson (1923) found 
eggs of Rhopalosiphum prunifoliae more 
susceptible to strong lime sulfur, efc., 
than those of A. pomz. 

Data obtained in the present study 
suggest that susceptibility for a given 
species cannot be expressed as an absolute 
value. It may be expected to vary within 
a narrow range between egg populations 
of diverse origins. Just what accounts for 
these variations is not evident from our 
records. Lees (1924) has suggested that 
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the “vitality” of the eggs was affected by 
host vigor with the result that eggs of 
low vitality, that is, showed a low hatch- 
ing rate, were more susceptible to insecti- 
cidal treatment than eggs from vigorous 
host plants. This investigator appears to 
have confused natural mortality with the 
vitality of viable eggs. Thus it is not evi- 
dent from the writers’ data that after a 
correction is made for natural mortality 
the remaining viable eggs differ appreciably 
in susceptibility to insecticides. 

Data showing the response of a sus- 
ceptible, a resistant and an intermediate 
form are given in figure 4. Results are 
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given both on the basis of toxicant con- 
centration in the spray and quantity de- 
posited! on the bark. The deposit data are 
presented to show that differences evident 
in the concentration curves are true dif- 
ferences and do not merely reflect a dif- 
ferential deposition rate caused by the 
varied nature of the surfaces sprayed. It 
might be assumed in this connection that 
some precision in testing would be gained 
by removing the eggs from the plant for 
treatment. Dierick (1942) has compared 


1 See succeeding article in this number of the JourNaL. 
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the response of attached and detached 
eggs. Higher control efficiencies were ob- 
tained in the latter series attributable, so 
this worker concluded, either to injuring 
some eggs during removal or to breaking 
the gelatinous covering which envelops the 
eggs and serves to cement the eggs to the 
bark. 

A column has been included in table 1 
giving the tentative susceptibility rating 
of species shown here. As already indi- 
cated these ratings can be only approxi- 
mate. Differences between species falling 
in the two extreme classes are definite 
and striking; some overlapping in rating 
may occur, however, between eggs listed 
as “susceptible” and “intermediate.” 
The approximate dosage of dinitro-o- 
cresol required to kill 95 per cent of the 
eggs, or M.E.D., for several species is 
given in table 3. 

Note the correlation shown in table 1 
between susceptibility and time of egg 
hatching in the spring. It will be seen that 
the earliest hatching species are most 
readily killed with dinitro-o-cresol while 
increasingly more toxicant is required 
for species that hatch later. 


Table 3.—Indicated minimum effective dosage 
of dinitro-o-cresol for several species of aphids 
under conditions of present study. 








M.E.D. or Drntrro- 
O-CRESOL (FoR 95 
Per Cent Kix) 
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Spray Mmg. 100 

Concen- sq. cm. 

tration of Bark 

SPECIES Per Cent 

Aphis fabae Scop. + .006 + 20 
Capitophorus braggii (Gill.) + .006 + 20 
Rapolosiphum prunifoliae (Fitch)! + .007 + 30 
Aphis spiraecola Patch + .012 + 60 
Aphis pomi De Geer + .012 + 50 
A ws abbreviata Patch + .012 + 50 
Phyllaphis fagi (L.) + .03 +110 
Myzocallis tiliae (L.) + .03 +110 
Drepanosiphum platanoides (Schrank)! + .04 +200 





1 Based on limited data. 


Toxicant Form.—Dinitro-o-cresol be- 
ing an acid readily forms salts of which 
the writers have studied the sodium, cal- 
cium, ammonium and magnesium. These 
salts all show a moderate degree of solu- 
bility in water. The water solubility of 
the acid, however, is quite low being about 
0.028 per cent at 20° C. But this is a quan- 
tity sufficient to kill most aphid species, 
as is shown in figure 4. If the acid form of 
the toxicant is used in orchard spraying, 
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more than 0.028 per cent would dissolve, 
of course, owing to the formation of salts 
with minerals occurring in the spray 
water. , 
Aqueous solutions of the acid and of the 
salts have been compared against eggs of 
Aphis pomi, A. abbreviate, A. fabae, Capito- 
phorus braggit and Phyllaphis fagi. Data 
from some of the tests on P. fagi and A. 
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Fia. 5.—Dosage-response curves fitted to combined 

data obtained on dinitro-o-cresol and its sodium and 

calcium salts. Each point represents mean of 5 
replicates for both species. 


abbreviata are given in table 4 and figure 5. 
Although data are shown only on the per- 
formance of the acid and the sodium and 
calcium salts, little if any difference in 
performance was found between the forms 
of the toxicant tested. Some deviations 
from these results occur in data on hand, 
but they are not consistent and are at- 
tributed to known shortcomings in the 
testing procedure followed. The writers’ 
findings are in agreement with practical 
usage. Fruit growers now employ the acid 
and the sodium salt interchangeably, ap- 
parently with equally good results. Dierick 
(1942), working to a limited extent on 
aphid eggs but chiefly with eggs of the 
Mediterranean flour moth, LEphestia 
kuhniella Zell., found aqueous solutions 
of the acid much more toxic than the 
salts. These findings differ radically from 
those of the writers. Since Dr. Dierick’s 
work has obviously been done with care 
and thoroughness, the only explanation 
the writers can offer for this disagreement 
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is that aphid eggs probably differ from E. 
kuhniella eggs in their response to dinitro- 
o-cresol. 

The data in figure 5 suggest that in the 
salt solutions where dissociation is pre- 
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sumed to be essentially complete, toxicity, 
is a function of the concentration of cresy|- 
ate ions present. In the acid system where 
dissociation is incomplete, the writers 
conclude the undissociated acid mole- 


Table 4.—Detailed records showing the response of eggs of Phyllaphis fagi to dinitro-o-cresol 


and to its sodium and calcium salts. 1947. 








Conc. 
DInITRO- 
O-CRESOL 


PerRcENTAGE Eaos Hatcuine REepiicates 


Maa. DinitRo- 
O-CRESOL 
DeEPposITED 
PER 100 Sa. 


CONTROL 
EFFICIENCY 





IN SPRAY 


Per Cent 2 3 4 


5 Ave. 


Cm. or Bark Per Cent 





Dinitro-o-creso] series 


56.1 
42.7 
20.0 

6.6 


77.9 
41. 66.5 
42. 18.4 
1.6 


.003 45. 
.006 
.O12 36 


.024 3. 


wena 


17. 
26. 
56. 
95. 


14 
27 
54 
106 


48.2 53. 
43.5 47. 
23.1 28. 


3.0 3. 


Sodium dinitro-o-cresylate series 


44.5 
30.8 
31.1 
10.6 

0.9 


54.8 
43. 35.8 
26.5 21.3 
2. 3.4 
0. 1.1 


28. 42. 


64. 


.003 
.006 
-012 
.024 2. 
.048 0. 


Scouce 


31.2 
26. 
61. 
92. 
99. 


12 
21 
43 
96 
154 


53.6 44. 
65.9 47.$ 
26.5 25, 

7.3 5. 


0.5 0. 


Calcium dinitro-o-cresylate series 


54.1 
34.1 
24.8 
8.8 
3.5 


62.7 
32.0 
13.9 
9.5 
0.0 


.003 55 
.006 

.012 23. 
.024 2. 


.048 yy 
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Soeyvse 
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37.1 45. 
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1.2 } 148 


Control series 
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54.1 


62.1 
93.0 


58.8 
61.4 


70.3 65.2 





9sf-—- j-------= 


SPRING 
FALL 


75 


CAPITOPHORUS BRAGGII 
1945 - 1946 


MORTALITY —PER CENT 


APHIS POMI 
1945-1946 


-003 006 -009 012 


DINITRO-O-CRESOL % IN SPRAY 


Fia. 6.—Dosage-response curves of fall and spring 
applied treatments. Each point represents 3 repli- 
cates for each species, 


cules and cresylate ions are equally ef- 
fective. 

Fay vs. SPRING TREATMENTS.—Wea- 
ther conditions permitting, aphid ovicides 
may be applied at any time from the term- 
ination of egg laying in late fall until just 
before hatching starts in the spring. It is 
of interest to know, therefore, whether 
aphid eggs vary in susceptibility to dini- 


Table 5.—Response of eggs of Phyllaphis fagi 
(L.) to dinitro-o-cresol applied at various inter- 
vals before hatching. 








M.E.D. or Drntrro- 
O-CRESOL (FOR 95 
Days Per Cent Ki) 
TReEat- 
MENT 
APPLIED 
BEFORE 
Hatcu 





Mmg. 
100 sq. 
em. of 


Bark 


Spray 
Concen- 
tration 


TOXICANT Per Cent 





1946 Season 
83 Sodium dinitro-o-cresylate 
13 Sodium dinitro-o-cresylate 
Commercial dinitro-o-cresol 
1947 Season 
Commercial dinitro-o-cresol 
Commercial dinitro-o-cresol 
Commercial dinitro-o-cresol 
Sodium dinitro-o-cresylate 


.03 
.03 
- 026 


100-120 
100-110 
110-120 
110-120 


.023 
.03 
.03 
04 
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tro-o-cresol at various stages in their 
embryonic development. The writers are 
not convinced that data obtained to date 
on this question answer all points with 
absolute finality, but the data given in 
figure 6 and table 5 suggest at least that 
no large differences exist. This is in 
agreement with practical experience. 
Hough (1939) found no differences in 
results between treatments applied just 
before hatching and weeks earlier. Twig 
sections held over winter on impaling 
blocks in an insectary have not always 
shown a normal hatching rate. The writers 
are studying this phase of the problem 
further in controlled field tests. 

Discussion.—The advantage of utiliz- 
ing what are essentially laboratory pro- 
cedures to gain information on the basic 
questions posed earlier in this paper are 
perhaps self evident. By dealing with 
known numbers of eggs and controlling 
conditions of treatment and handling, a 
degree of testing precision is gained that 
would be impossible under field conditions. 
However, it is seldom that data obtained 
in the laboratory can be applied directly 
to practical use. But the ultimate goal of 
work of this nature is in learning how 
these principles may apply to orchard 
and field operations. A full interpretation 
of the findings of the present study in 
terms of orchard operations will not be 
attempted at this time since additional 
evidence is needed to discuss the subject 
adequately. It is planned to cover this 
question in a later report. 

It may be pointed out that a practical 
recommendation is not based on _ the 
standard employed throughout this study, 
namely, the minimum quantity of the 
toxicant that will give control under 
most favorable conditions.- A recom- 
mendation should represent the mini- 
mum dosage plus a sufficient excess to 
assure control of the pest in question 
under the wide range of conditions en- 
countered in orchard spraying operations. 
Thus while the writers believe a dosage 
greater than the minimum effective dos- 
age values shown in table 3 should be ad- 
vised in practical recommendations, some 
reduction in dosages currently being ad- 
vised to growers to control these species 
may be in order. Of interest in this con- 
nection are the results published by Gam- 
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brell (1942). Dosages of .012 and .0135 
per cent (1.6 and 1.8 oz. per 100 gallons) 
dinitro-o-cresol gave 87.5 per cent and 
89.6 per cent control of the viburnum 
aphid in these field tests. 

In the present investigation it was pos- 
sible to study the action of solutions of 
dinitro-o-cresol and of several of its salts 
in the pure state. This has supplied some 
basic information of interest. In practical 
field operations, however, even though 
the acid form of the toxicant may be used, 
salts will be formed when the product is 
added to the water in the spray-tank. 
The extent to which salt formation pro- 
ceeds will depend on the amount and 
nature of the minerals present in the par- 
ticular water source used. Reaction will 
take place chiefly with the calcium and 
magnesium compounds in solution for 
most spray waters in the Northeast. 

To assure having a maximum quantity 
of the toxicant present in solution and in 
view of the uncertainty of encountering 
sufficient water hardness in various spray 
waters, it would seem advantageous 
when using the acid form to include a 
small quantity of alkali in the form of lye 
or hydrated lime. 

SumMMaARY.—Studies made under con- 
trolled conditions on the toxicity of 
dtnitro-o-cresol in aqueous solution to the 
eggs of 22 species of aphids revealed a 
difference in susceptibility ranging from 
a minimum effective dosage (point of 95 
per cent kill) of as little as 0.003 per cent 
for some species to 0.05 per cent or greater 
for the most resistant species. A minimum 
effective dosage of 0.012 per cent is indi- 
cated for the apple aphid, Aphis pomi 
De Geer. 

A correlation was found for various 
aphid species between susceptibility to 
dinitro-o-cresol and the relative time of 
egg hatching. Species whose eggs hatch 
early proved most readily killed, while 
increasingly more toxicant was required 
for later hatching forms. 

Solutions of the acid and of its sodium, 
calcium, ammonium and magnesium salts 
were found to be equally effective at the 
same dinitro-o-cresol strength. 

Little if any difference in susceptibility 
to the toxicant was detected in aphid 
eggs at various stages of embryonic de- 
velopment. 
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Potato Tuberworm Control in Virginia 


Ricuarp N. Hormaster and Lauren D. AnvErson, Virginia Truck Experiment Station, Norfolk 


The potato tuberworm, Gnorimoschemta 
operculella (Zell.) was first reported on 
field potatoes in Tidewater, Virginia in 
1923 by Spencer & Strong (1925). Since 
that time this pest has increased to out- 
break numbers and has caused consider- 
able damage to potatoes in field and 
storage, especially during dry seasons. 

Efforts at field control of the tuber- 
worm in this area have met with little 
success (Poos & Peters 1927). Walker & 
Anderson (1944a) obtained excellent re- 
sults with methyl bromide on potatoes in 
storage, but this material is rather diffi- 
cult and dangerous to use. In view of the 
need for more desirable control measures, 
it seemed advisable to test some of the 
newer insecticides. 

TUBERWORM CONTROL ON STORED Po- 
TATOES.—Experiments by Walker & An- 
derson (1944b) showed that a 2 per cent 
DDT dust was effective in controlling 
tuberworm injury to seed potatoes in 
storage. Lloyd (1946) reported promising 
results with DDT dusts on the tuberworm 
in Australia. 
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Preliminary laboratory tests were con- 
ducted January 10, 1947, using various 
DDT treatments. In these tests clean 
potatoes placed in DDT-treated muslin 
bags remained free of injury when con- 
fined in chambers with tuberworm pupae 
and adults. All moths were knocked down 
after a few hours exposure. The same re- 
sults were obtained where pupae and 
adults were placed in battery jars covered 
with DDT-treated cloth. Infested pota- 
toes placed: in treated chambers became 
uninfested as the moths emerged and were 
killed. All check lots of potatoes became 
heavily infested. 

Further tests, comprising a total of 
nine treatments replicated three times, 
were begun March 27, Single lots of ten 
uniformly small potatoes, bagged or not 
bagged as indicated in table 1, were added 
to battery jars. The jars were covered 
with cheesecloth and 30 test insects in- 
troduced into each jar. For this test indi- 
vidual pupae were isolated in small glass 
vials and the adults sexed upon emergence. 
Equal numbers of males and females were 
thus added with a minimum of mortality. 
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During this experiment the temperature 
varied from 65° to 75° F. and the relative 
humidity from 50 to 60 per cent. 

Adult mortality counts were taken at 
the end of 24 hours. One month later the 
potatoes were examined for tuberworm 
injury. As may be seen from the results 
presented in table 1, complete control 
was obtained in the DDT bag treatments 
where all moths were killed within 24 
hours and al] tubers remained uninfested. 
Failure of the tuberworms to establish 
themselves when pupae only were added 
strongly indicates that the spread of an 


fective in controlling tuberworms in 
potato foliage. Potted potato plants 
sprayed with DDT suffered little injury 
upon exposure to heavy larval popula- 
tions, whereas the untreated checks were 
destroyed within two weeks. 

Dust Tests.—Dust tests were con- 
ducted on a field of late Sebago potatoes 
at Back Bay, Virginia. At the time of 
treatment the degree of infestation was 
so severe that many of the plants were 
completely defoliated and large bare 
areas were visible in the field. All plats 
were 140 feet long by 24 feet (eight rows) 


Table 1.—Effect of DDT treatments on potato tuberworms on stored potatoes. 




















Test 1—Manrcu 27 Test 2—Ocroser 10 
Per Cent Tunnels Per Cent Tunnels 
Kill of per Tuber Kill of per Tuber 
Adults in after 30 Adults in after 30 
TREATMENT 24 Hours Days 24 Hours Days 
Potatoes in bags 
1% DDT impregnated burlap bags 100 0 100 0 
2.5% DDT impregnated burlap bags 100 0 100 0 
5% DDT impregnated burlap bags Pupae used 0 Pupae used 0 
5% DDT impregnated muslin bags! 100 0 100 0 
Check—untreated burlap bags 10 3.5 10 4.1 
Potatoes unbagged 
5% DDT impregnated confetti? 93 4 
5% DDT impregnated streamers? 80 1.8 
Sprout Inhibitor+ 20 2.5 
Check 7 9.5 
Difference required for significance 
(19 to 1 odds) 8 





Twenty-four square inches of newspaper confetti per test lot. 
5 Three (0.25 X6") newspaper streamers per test lot. 


This material treated January 10, 1947, all others treated March 27. 


4 A 2.2 per cent methyl ester of alpha naphthy] acetic acid dust applied at the rate of 1 lb. per 11 bushels of potatoes. Dow Chemi- 


cal Co, 


infestation in storage could be checked by 
such treatment. DDT-treated confetti 
and paper streamers gave highly signifi- 
cant reductions in tuberworm popula- 
tions but not complete control. It is inter- 
esting to note that all larvae coming in 
contact with the confetti died. 

The DDT-treated bags used in the 
March 27 test were checked for residual 
action on October 10. The same methods 
were employed as in the preceeding ex- 
periment except that six replications were 
made. The results of these residual tests 
(Table 1) show that all the DDT treated 
burlap bags still gave complete control 
after 6.5 months. 

TUBERWORM CoNnTROL IN Potato Fo- 
LIAGE.—In laboratory tests a 50 per cent 
DDT wettable powder proved very ef- 





wide and were replicated four times within 
randomized blocks. The materials were 
applied with a motor-driven, eight-nozzle 
tractor-drawn duster having the nozzles 
adjusted with two per row and discharg- 
ing under a 25 foot cloth trailer. The treat- 
ments were made on September 9, 1947, 
between 4:00 and 5:15 PM. The tem- 
perature ranged from 80° to 79° F., the 
relative humidity from 64 to 80 per cent, 
and the wind velocity from 7 to 4 miles 
per hour. Although the wind was rather 
gusty it blew down the rows and little 
drift resulted. A heavy rain occurred 
about 72 hours after treatment. A second 
application was made September 19 be- 
tween 4:30 and 6:00 P.M. during which 
time the temperature dropped from 84° 
to 74° F., the relative humidity increased 
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from 74 to 80 per cent and the wind veloc- 
ity ranged from 2 to zero miles per hour. 
Heavy rains began about 36 hours after 
treating and continued for almost a week. 
Conditions for tuberworm development 
remained unfavorable throughout the 
remainder of the month and during the 
first 2 weeks of October. 

Several methods of taking records were 
employed. At 24-hour intervals counts 
were made on the number of dead or dying 
larvae on the ground around each hill and 
per foot of row in the depression left by 
cultivation between rows. A later method 
consisted of taking 50 leaflets with tunnels 
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sulted in highly significant reductions in 
leaflets with tunnels, but with no signifi- 
cant differences between the various mate- 
rials. Injury increased in the check plats 
until all plants were practically defoliated. 

It is interesting to note that within 24 
hours after dusting many larvae of all 
instars had left their tunnels in the treated 
plats and were lying dead or dying on the 
ground. This was more pronounced in the 
benzene hexachloride plats than in the 
DDT and dichlorodiphenyldichloroethane 
plats. Few additional larvae appeared on 
the ground in the benzene hexachloride 
plats after 48 hours whereas on all other 


Table 2.—Results of dusting potatoes for control of the potato tuberworm in foliage at Back Bay, 


Virginia, September 9, 1947. 








No. LEAFLETS WITH LARVAE 
AND Per Cent RepuctTIoNn 


No. LEAFLETS WITH 
TUNNELS AND Per 
Cent REbDuUCTION 


Betow CHEck 





Pounpbs 
PER ACRE 


Per 50 Leaves 
Sept. 23 


— Betow Cueck 


Per 10 Hills 
Oct. 8 





Per 10 Hills 





. Sept. 
TREATMENT 19 


No. 


Per ——<—<$———— 
Cent Per Cent 


Per 


Cent No. 





1% DDT-Impregnated! 42 0 


100 . 99 98 


2% DDT-Impregnated! 44 .25 99 a 99 - 98 
2% DDT-Regular 45 5 99 ‘ 99 97 
3% DDT-Impregnated! 41 15 98 : 99 97 


5% Dichlorodiphenyl- 
dichlorethane 45 
1% Gamma isomer of ‘ 44 
benzene hexachloride? 
Check — 


100 ‘ 99 98 
100 e 99 98 





Difference required for significance 


(19 to 1 odds) §.1 





12% Velsicol AR 60 used as impregnating a 


nt. 
2 Clay used as diluent in benzene Eeaachiaelie, pyrophyllite in all other mixtures. 


from each plat and determining the num- 
ber of leaflets containing live larvae. A 
final check was made by selecting 10 
hills at random from each plat, counting 
the number of injured leaflets and then 
determining the number of infested leaf- 
lets. All records were taken on the two 
center rows of each plat. 

The different materials tested, rates of 
application and results obtained are given 
in table 2. All treatments resulted in 
highly significant reductions in tuberworm 
populations. There were no significant dif- 
ferences between the DDT, and dichloro- 
diphenyldichloroethane and benzene hexa- 
chloride treatments—all giving over 99 per 
centreduction in tuberworm populations at 
the final check. Likewise all treatments re- 


treated plats a steady increase occurred 
up to 72 hours, at which time a heavy rain 
precluded further observations. 

In addition to the Back Bay dust tests 
observations were made on several com- 
mercial plantings which were treated 
with a 3 per cent DDT dust. The dust was 
applied at approximately 40 lbs. per acre 
and excellent control was obtained. 

Spray Trests.—A single application of 
four spray materials was made in the 
same field of Sebago potatoes at Back 
Bay. Treatments were made with a 3 
gallon compressed air knapsack type 
sprayer. All plats were single 60 foot rows 
replicated three times within randomized 
blocks. The sprays were applied Sep- 
tember 11, 1947, between 4:00 and 5:00 





April 1948 


P.M. The temperature ranged from 82° 
to 80° F., the relative humidity from 70 
to 78 per cent, and the wind velocity from 
3 to 1 miles per hour. The same methods 
of taking records were employed as in the 
dust tests. Heavy rains occurred within 36 
hours after treatment. 

The materials tested, rates of applica- 
tion and results obtained are given in 
table 3. Observations at the end of 24 
hours indicated the same trend as in the 
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burlap bags dipped in xylene solutions 
containing from 1 to 5 per cent DDT. 
Treated bags were sti!l giving control 10 
months after dipping. Confetti and paper 
streamers treated with 5 per cent DDT 
gave significant reductions in tuberworm 
populations but not complete control. 

In field tests excellent control of the 
potato tuberworm in foliage was obtained 
by two applications of 1, 2 and 3. per cent 
DDT impregnated dusts, 2 per cent 


Table 3.—Results of spraying potatoes for control of the potato tuberworm in foliage at Back Bay, 


September 11, 1947. 








No. LARVAE 
ON GROUND 


No. Lear.ets wits Tun- 
NELS AND Per Cent Re- 
DUCTION BELow CHECK 


No, LEAFLETS WITH 
LARVAE 





Per 10 
Hiils 


Per 10 Per 10 Hills 


Hills 


Per 50 
Leaves 








After 


TREATMENT! 24 Hrs. 


Oct. 8 





Sept. 23 Oct. 8 


Number Per Cent 





50% DDT W.P. 54+ 
50% Dichlorodiphenyldichloroethane W.P. 48 
7.5% vy benzene hexachloride W.P. 137 
25% DDT-oil emulsion 62 
Untreated check ; 


15 96 
16 96 
151 64 
25 94 
415 ~ 





Difference required for significance 
(19 to 1 odds) 31 


38 





1 All wettable powders used at concentration of 2 lbs. per 100 gallons of water, 25% DDT-oil emulsion at 1 quart per 100 gallons 


of water. All treatments applied at 125 gallons per acre. 


dust tests. Twelve-day counts showed 
that the DDT, dichlorodiphenyldichloro- 
ethane and benzene hexachloride gave a 
highly significant reduction in infested 
foliage but failed to show a significant dif- 
ference between treatments. At the end of 
27 days benzene hexachloride was signifi- 
cantly less effective than the other mate- 
rials. The number of leaflets with tunnels 
was reduced at least 94 per cent in all 
treatments except the benzene hexa- 
chloride which was significantly poorer 
with only 64 per cent reduction. 
SuMMARY.—Complete tuberworm con- 
trol was obtained on potatoes stored in 


regular DDT dust, 5 per cent DDD dust 
and a 1 per cent gamma isomer of benzene 
hexachloride dust. These materials re- 
duced tuberworm populations in all the 
treated areas over 99 per cent and re- 
sulted in a decrease of 97 to 98 per cent 
in the number of leaflets with tunnels. 

Single spray applications of a 50 per 
cent DDT wettable powder, a 50 per cent 
DDD wettable powder and a 25 per cent 
DDT-oil emulsion also gave a high degree 
of control. A wettable benzene hexachlo- 
ride powder containing7.5 per cent gamma 
isomer was significantly less effective 
than the other materials. 
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Control of the Two-Spotted Spider Mite on 
Lima Beans, on Long Island 
H. C. Hucxerr, Riverhead, N. Y. 


Considerable attention has recently 
been focussed on the reports concerning 
the value of several synthetic organic 
compounds as acaricides under field and 
greenhouse conditions (Boyce et al. 1939; 
Kearns et al. 1945; Blauvelt 1945; Haring 
1946; Ludvik & Decker 1947; Roark 
1947). With the release of this informa- 
tion it seemed desirable that preliminary 
trials should be made under local condi- 
tions to ascertain whether any such com- 
pounds could be used advantageously on 
lima beans for control of the two-spotted 
spider mite, T'etranychus bimaculatus Har- 
vey. 

For several successive seasons field 
tests have been made on Long Island for 
the purpose of comparing the merits of 
mixtures containing elemental sulfur and 
those containing dinitro compounds (di- 
nitro-ortho-cyclohexyl phenol and _ its 
amine salt) for control of the spider mite 
without having reached any conclusive 
results or recommendations. This condi- 
tion of affairs has been due largely to the 
variability of the results from season to 
season, particularly in relation to the 
weather and growing conditions. It was 
also evident, largely during war years, 
that any treatment that might be effec- 
tive against the spider mite would be 
considered more useful if it was also ca- 
pable of providing a greater degree of pro- 
tection against other foliage destroyer, 
such as the bean aphid, Mexican bean 
beetle, green cloverworm, corn earworm 
and European corn borer. During the past 
season, therefore, the number of com- 
pounds tested was increased to include 
a few that might possibly be found to be 
effective against mites and insects on 
lima beans, and which might prove to 
possess a wider margin of safety in relation 
to plant tolerance. 

The materials selected for trial were as 
follows: Elemental sulfur, in a wettable 
powder for spraying, or conditioned and 
diluted with tale for dusting; dinitro-tale 
dusts, with or without sulfur, the former 
containing 50 per cent sulfur and 1 per 
cent dinitro-o-cyclohexyl phenol, the 
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latter 1 per cent and 0.5 per cent of the 
dinitro compound; also tale dusts con- 
taining 1.7 per cent and 1 per cent of the 
dicyclo-hexyl amine salt of the dinitro 
compound, and a powder containing 20 
per cent off{the amine salt for sprays;! 
azobenzene-tale dusts possessing 10 and 5 
per cent of the toxicant, and a wettable 
powder of 48 per cent azobenzene strength 
for sprays;? a powder containing 25 per 
cent of the gamma isomer of benzene 
hexachloride;* a chlorinated camphene, in 
a wettable powder of 25 per cent toxicant 
content and in a water miscible solution 
of 50 per cent strength for sprays, also 
in a powder analysing 11.8 per cent toxi- 
cant for dilution into dusts;* the chlo- 
rinated hydrocarbon, chlordane, in a wet- 
table powder containing 50 per cent of the 
toxicant for sprays or dusts;' hexaethyl 
tetraphosphate;® and tale dusts contain- 
ing 1 and 0.5 per cent of parathion.® 

For the purpose of improving the wet- 
ting properties and adherence of certain 
sprays skim-milk powder was added to 
the dinitro powder at the rate of 2 pounds 
per 100 gallons of water; a soybean pow- 
der? to wettable powders containing 
chlorinated camphene, chlordane and 
azobenzene at the same rate; a commercial 
emulsifier’ to powder suspensions of the 
gamma isomer of benzene hexachloride 
and to hexaethyl tetraphosphate at the 
rate of 0.5 pint per 100 gallons of water. 
In cases where it was necessary to dilute 
powders for dusting purposes a diato- 
maceous earth was included in the form- 
ula at the rate of 5 per cent by weight 
to improve the dusting qualities of the 
mixture, the remainder of the diluent be- 
ing composed of tale. 

The strengths of finished dusts in terms 
of active ingredients and the amounts of 
spray powders or liquids per 100 gallons 


1 Products of Dow Chemical Company, Midland, Mich. 
2 Product of Allied Chemical and Dye Corporation, Buffalo, 


N. Y. 
ewe of California Spray-Chemical Corporation, Eliza- 
th, N. J. s 
4 Toxaphene, a product of Hercules Powder Company, Wil- 


as Delaware. 


5 
souri. E ; 
6 Product of American Cyanamid Company, New York. 


7 Soyspra A. 
8 Emesifier B 1956 Spreader. 
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Table 1.—Prevalence of the bean aphid and Mexican bean beetle in plots following dust applica- 
tions for control of two-spotted spider mite as denoted respectively by extent of bloom infestation 


and foliage injury. 








Dust TREATMENT, Per CENT STRENGTH OF 
ActTIvE INGREDIENTS 


ExtTENT oF FouiaGe Injury 
BY Mexican Bean BEETLE 


Per CENT oF 
FLOWER STALKS 
INFESTED BY 
Bean ApuHip 





Grades and Score (max. 40) 





Sulfur 50% 

Sulfur 50%, dinitro-o-cyclohexy! phenol 1% 
Dinitro-o-cyclohexy] phenol 1% 
Dinitro-o-cyclohexyl phenol 0.5% 

Amine salt of dinitro-o-cyclohexy! phenol 1.7% 
Amine salt of dinitro-o-cyclohexyl phenol 1% 
Chlorinated camphene 3% 

Chlorinated camphene 3% 

Chlordane 3% 

Chlordane 2% 

Azobenzene 10% 

Azobenzene 5% 

Parathion 1% 

Parathion 0.5% 

Checks 


36. 
19 
14 
14 
20. 
17. 

+ 
10. 

7. 

8 
19 


slight 13 
trace-slight 9 
slight 13 
slight 14 
slight-moderate 18 
slight-moderate 19 
none-trace-slight 9 
slight-moderate 17 
slight 16 
slight 14 
slight-moderate 163 
13 slight-moderate 173 
0. none-trace 2 
0 none-trace 3 
16. slight-moderate 173 


mMomumresccocoouns 


S 





of water are given in tables 3 and 4. 

These sprays and dusts were applied 
four times during the period July 2 to 
August 12 for control of the spider mite, 
intervals between applications averaging 
about 13 days. Treatments were made 
with hand machines at an average rate 
equivalent to 50 to 70 pounds per acre for 
dusts and 102 to 200 gallons for sprays, 
according to increased growth of foliage. 
In addition, all plots were dusted on June 
20 and on August 5 with a cube-tale dust 
of 0.75 per cent rotenone strength for 
control of the Mexican bean beetle. 


The field tests were carried out on the 
Fordhook variety of bush lima bean, 
sown on June 2 and harvested August 29 
to September 6. The planting consisted 
of 16 rows divided into 8 tiers, four being 
reserved for dusts and 4 for sprays. Each 
tier contained a full series of treatments 
consisting of single row units, 30 feet in 
length; and two untreated rows. The plots 
were arranged systematically and the 
position of the series was shifted per tier 
in an attempt to distribute the plots as 
evenly as possible in the field. 

Sources of spider mite infestation were 


Table 2.—Prevalence of the bean aphid and Mexican bean beetle in plots following spray applica- 
tions for control of two-spotted spider mite as denoted respectively by extent of bloom infestation and 


foliage injury. 








Spray TREATMENT, AMOUNTS PER 100 
GALLONS OF WATER 


FLOWER STALKS 


Extent oF Fourace INsJuRY 
BY Mexican Brean BEETLE 


Per CENT OF 





INFESTED BY 


Bran APHID Grades and Score (max. 40) 





Sulfur wettable powder 12 lbs. 

Amine salt of dinitro-o-cyclohexyl phenol 20% 
powder 2 lbs. 

Chlorinated camphene 25% wettable powder 4 lbs. 

Chlorinated camphene 25% wettable powder 2 Ibs. 

Chlorinated camphene 50% solution 1 quart 

Chlorinated camphene 50% solution 1 pint 

Chlordane 50% wettable powder 2 lbs. 

Chlordane 50% wettable powder 1 Ib. 

Gamma benzene hexachloride 25% powder 1 lb. 

Gamma benzene hexachloride 25% powder 8 oz. 

Azobenzene 48% wettabie powder 4 Ibs. 

Azobenzene 48% wettable powder 2 lbs. 

Hexaethyl tetraphosphate 100% 1 pint 

Hexaethyl tetraphosphate 100% 8 oz. 

Checks 


slight-moderate 17 
slight 15 


33.5 
13.5 


5 trace-slight 11 
0 slight-moderate 15 
.0 trace 8 
0 trace-slight-moderate 14 
0 slight 16 
0 slight-moderate 21 
5 slight 15 
0 slight-moderate 19 
5 slight-moderate 20 
0 slight-moderate 17 
trace 6 
5 trace 7 
0 slight-moderate 193 


= 2 _ 
>. 


— SOMO Dale 


i) 
on 
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Table 3.—Effectiveness of dust treatments for control of two-spotted spider mite on lima beans as 
indicated by comparative yields of clean and disclored pods due to mite feeding. 








Dust TREATMENT, PER Cent STRENGTH 
or Active INGREDIENTS 


Weicut or MARKETABLE Pops IN 


Per Cent 
GAIN oR Loss 
IN CLEAN 
Pops over 


Pounps PER 100 PLants, GRADED 
as To Extent or Mire Insury 





Total Clean _Discolored CHECKS 





Sulfur 50% 

Sulfur 50%, dinitro-o-cyclohexy] phenol 1% 
Dinitro-o-cyclohexy] phenol 1% 
Dinitro-o-cyclohexy] phenol 0.5% 

Amine salt of dinitro-o-cyclohexy! phenol 1.7% 
Amine salt of dinitro-o-cyclohexy] phenol 1% 
Chlorinated camphene 5% 

Chlorinated camphene 3% 

Chlordan 3% 

Chlordan 2% 

Azobenzene 10% 

Azobenzene 5% 

Parathion 1% 

Parathion 0.5% 

Checks 


7.14 
.08 


—15.75 
ou F, 
.29 18. 
85 10. 
.96 16. 
52 

56 

95 

.05 

.73 

68 

40 

.87 

.20 

.50 


20.62 13.48 
20.84 14.76 
23.86 19.57 
23 .66 17.81 
23.20 19.24 
21.88 16.36 
24.60 21.04 
25.52 20.57 
25.02 20.97 
26.10 20.37 
30 .36 26.68 
28.57 26.17 
30.60 28.73 
27.24 24.04 
23.50 16.00 
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artificially created by placing crocks con- 
taining infested bean plants at uniform 
distances along the borders of the field, 
these being covered with screened cages 
for purposes of protection. These cages 
were set out in the field on June 14, and 
by July 2 samplings in untreated rows 
indicated that nearly all plants harbored 
mites. Foliage infestation gradually in- 
creased during July and August, by which 
time marked differences had developed in 
the appearance of the foliage in various 
plots relative to spider mite control. 
Early it became apparent that the foliage 
in plots treated with hexaethyl tetraphos- 


Table 4.—Effectiveness of spray treatments for control of two-spotted 


phate, parathion and chlorinated cam- 
phene was markedly freer from feeding 
injury than that in plots treated with sul- 
fur or with various dusts of the lower cate- 
gory in toxicant strength. Closer examina- 
tion indicated that there was a marked 
decrease in aphid colonies on the flower 
stalks and in the amount of Mexican bean 
beetle injury on the foliage in plots treated 
with the phosphate compounds. This con- 
dition is reflected in the data recorded 
during the first week of August and sum- 
marised in tables 1 and 2. In procuring 
this information the prevalence of aphid 
infestation was determined by noting the 


ider mite on lima beans 


as indicated by comparative yields of clean and discolored pods due to mite feeding. 








Spray TREATMENT, AMOUNTS PER 100 
GALLONS OF WATER 


Per CENT 
GAIN OR Loss 
IN CLEAN 
Pops OVER 


WEIGHT oF MARKETABLE Pops IN 
Pounpbs PER 100 PLANTs, GRADED 
AS TO ExTENT or Mire INgurY 





Total Clean _ Discolored CHECKS 





Sulfur wettable powder 12.5 lbs. 

Amine salt of dinitro-o-cyclohexyl phenol 20% pow- 
der 2 Ibs. 

Chlorinated camphene 25% wettable powder 4 lbs, 

Chlorinated camphene 25% wettable powder 2 lbs. 

Chlorinated camphene 50% solution 1 quart 

Chlorinated camphene 50% solution 1 pint 

Chlordane 50% wettable powder 2 lbs. 

Chlordane 50% wettable powder 1 |b. 

Gamma benzene hexachloride 25% powder 1 lb. 

Gamma benzene hexachloride 25% powder 8 oz. 

Azobenzene 48% wettable powder 4 lbs. 

Azobenzene 48% wettable powder 2 lbs. 

Hexaethy] tetraphosphate 100% 1 pint 

Hexaethy] tetraphosphate 100% 8 oz. 

Checks 


7.70 —31.07 
33 — 1.67 


18.86 11.16 
23.25 15.92 


.00 28.87 
80 17.23 
28 32.43 
87 16.50 
81 9.15 
04 9.85 
.79 16.03 
.78 13.79 
34 24.34 
76 25.32 
36 30.81 
30 25.32 


26.76 22.76 
24.37 19.56 
24 23.96 
26 19.39 
. 64 17.82 
.00 17.96 
.07 19.28 
.56 18.78 
3.74 21.40 
44 21.68 
76 23.40 
.98 21.68 
.69 16.19 


POP ARAMAM KOR 2 








April 1948 


presence or absence of aphids on 50 flower 
stalks chosen at random in each plot; the 
extent of Mexican bean beetle injury to 
the foliage in each plot was graded accord- 
ing to the following captions, none, trace, 
slight, moderate, severe, with a scale of 
points assigned to each category, thus, 0, 
1-2, 3-4, 5-7, 8-10, respectively. 

The effectiveness of the different treat- 
ments in combatting the spider mite was 
based largely on differences in yield of 
marketable pods that were considered 
commercially free of discoloration due to 
spider mite feeding, and termed “clean.” 
For this purpose all pods in each plot were 
picked, graded, and weighed, and the 
plants counted. The yields were finally 
computed on a 100-plant basis. The data 
obtained by this method are summarised 
in table 3 and 4. 

The information provided in _ these 
tables indicated that the most satisfactory 
results with dusts were obtained with 
mixtures containing 1 and 0.5 per cent of 
parathion plots averaging increases of 
44.3 and 33.4 per cent of clean pods over 
checks and having shown little evidence 
of aphid and Mexican bean beetle infesta- 
tion. Plots dusted with mixtures con- 
taining 10 and 5 per cent azobenzene aver- 
aged increases of 40 and 38.8 per cent 
clean pods respectively, but they had not 
been free of considerable evidence of aphid 
and Mexican bean beetle infestation. 

Plots dusted with mixtures containing 
chlorinated camphene at 5 and 3 per cent 
strengths and chlordane at 3 and 2 per 
cent strengths averaged increases ranging 
from 21.4 to 23.9 per cent clean pods 
over checks, the data indicating that 
there was little to choose between the 
treated plots in this respect. The treat- 
ments had manifested a certain degree 
of merit against the bean aphid, but 
there were no indications of any ap- 
preciable reduction in extent of foliage 
injury by the Mexican bean beetle except 
possibly in the case of plots dusted with a 
mixture containing 5 per cent chlorinated 
camphene. 

Plots dusted with mixtures containing 
dinitro-o-cyclohexy] phenol and the amine 
salt of the dinitro compound respectively 
yielded slightly less marketable pods than 
other treated plots. However plots dusted 
with mixtures containing 1 per cent 
dinitro-o-cyclohexyl phenol and 1.7 per 
cent the amine salt of the dinitro com- 
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pound respectively yielded increases of 
18.2 and 16.8 per cent over checks in 
terms of clean pods. There was little evi- 
dence to show that the dinitro treatments 
had had any significant effect on the prev- 
alence of bean aphid and Mexican bean 
beetle infestations. 

In plots dusted with mixtures contain- 
ing 50 per cent sulfur, with or without the 
addition of 1 per cent dinitro-o-cyclo- 
hexyl phenol, the yields were noticeably 
reduced, and there was little or no ap- 
parent protection afforded the pods from 
the effects of spider mite feeding. The 
results in tests with these dusts in recent 
years have tended to corroborate this ob- 
servation. 

The most promising results with sprays 
were obtained with mixtures containing 
respectively 1 pint of hexaethyl tetra- 
phosphate, 1 quart of a 50 per cent solu- 
tion of chlorinated camphene or 4 pounds 
of a wettable powder of 25 per cent 
chlorinated camphene content per 100 
gallons of water. The plots averaged gains 
in terms of clean pods over checks of 30.8, 
32.4, 28.8 per cent respectively, and all 
plots had possessed a minimum of evi- 
dence of aphid and Mexican bean beetle 
infestation. 

Plots treated with sprays containing 
hexaethyl tetraphosphate at the rate of 
half a pint per 100 gallons of water, or 
azobenzene (48%) in wettable powder 
form at 4 and 2 pounds, averaged increases 
of 25.3, 24.3, and 25.3 per cent respec- 
tively in terms of clean pods, but in the 
case of azobenzene treatments the plots 
had exhibited an appreciable degree of 
aphid and Mexican bean beetle infesta- 
tion. 

Smaller increases were obtained in plots 
treated with suspensions of the gamma 
isomer of benzene hexachloride and chlor- 
dane respectively, and with sprays con- 
taining weaker strengths of chlorinated 
camphene. In the case of chlordane treat- 
ments special difficulties were encountered 
in pumping the spray suspensions out of 
the tank, which may have had its effect 
on the results. 

Plots sprayed with a suspension of sui- 
fur at the strength of 12.5 pounds of 
wettable powder per 100 gallons of water 
yielded less marketable pods than did the 
checks and a greater amount of discolored 
pods due to spider mite feeding. No gains 
were recorded in plots sprayed with a sus- 
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pension of the amine salt of dinitro-o- 
cyclohexyl! phenol. 

During the season of 1947 there were no 
significant indication of plant injury due to 
treatment, as had been noticed in previ- 
ous tests of dusts containing dinitro and 
azobenzene compounds respectively. The 
feasibility of using such effective com- 
pounds as hexaethy] tetraphosphate, para- 
thion or chlorinated camphene for future 
commercial purposes seems largely de- 
pendent on the outcome of tests dealing 
with their toxicological properties in re- 
lation to the soil and to man. 

Summary.—Comparative field _ tests 
were made of treatments containing re- 
spectively sulfur, dinitro-ortho-cyclohexyl 
phenol and its amine salt, chlorinated 
camphene chlordane, gamma isomer of 
benzene hexachloride, azobenzene, hex- 
aethyl tetraphosphate, and parathion as 
toxicants for control of the two-spotted 
spider mite on lima beans. The various 
mixtures were tested at two strengths in 
terms of active ingredients and, were ap- 
plied four times during the period of 
spider mite infestation. Their effectiveness 
was recorded in terms of yield of market- 
able pods commercially free of discolora- 
tion due to mite feeding. Observations 
were also noted concerning their possible 
value for control of the bean aphid and the 
Mexican bean beetle. 

The data indicated that the most effec- 
tive treatments for control of the spider 
mite were those that contained hexaethyl 
tetraphosphate, parathion or azobenzene, 
there being in each case only a slight 
degree of difference in effectiveness be- 
tween treatments having the higher toxi- 
cant strength as compared to those of the 
lower strength. Chlorinated camphene 
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sprays were also highly effective against 
the spider mite when applied at the 
higher toxicant strength. Dusts containing 
chlorinated camphene at 5 and 8 per cent 
toxicant strength and chlordane at 3 and 
2 percent strength respectively, were 
about equally effective against the spider 
mite, and all were slightly less so than 
dusts containing parathion or azoben- 
zene. The more effective dusts containing 
the dinitro compound or its amine salt 
were slightly less effective against the 
spider mite than dusts containing the 
chlorinated hydrocarbons. Plots dusted or 
sprayed with sulfur mixtures were inferior 
in most respects to untreated plots. 

The data also indicated that plots that 
had been treated with hexaethyl tetra- 
phosphate or parathion for spider mite 
control exhibited a minimum degree of 
infestation by bean aphid or Mexican bean 
beetle as compared to conditions in these 
respects in other plots. There was also 
an appreciable reduction in bean aphid 
infestation in plots treated with mixtures 
containing chlorinated camphene chlor- 
dane and the gamma isomer of benzene 
hexachloride respectively as compared to 
check plots, but there were few instances 
to indicate that any such treatments may 
have had a significant effect in diminishing 
the extent of Mexican bean beetle injury, 
except possibly in the case of chlorinated 
camphene treatments of the higher toxi- 
cant strength. Plots treated with mixtures 
containing azobenzene, the dinitro com- 
pound or its amine salt, or sulfur respect 
tively, applied for control of the spider 
mite, invariably exhibited little satisfac- 
tory evidence of effectiveness for aphid or 
Mexican bean beetle control. 
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Control of Mites on Apple Trees Sprayed with DDT 


W. S. Houan, Virginia Agricultural Experiment Station, Winchester 


Since reporting on attempts to control 
mites on apple trees sprayed with DDT 
(Hough 1946) a number of new com- 
pounds have been used. This report sum- 
marizes the more important tests made 
during the past two seasons. 

Metuops.—All sprays were applied 
with a power sprayer using 400 pounds 
pressure. Where DDT was used in the 
combination with the acaricide for codling 
moth control, the type of spraying was 
similar to that employed by the orchard- 
ists, that is, the sprays were applied from 
the outside of the trees, one sprayman on 
the ground and another in the tower on 
top of the sprayer. In the single tree tests 
all of the spraying was done from the 
ground position, the sprayman first going 
under the branches and thoroughly cover- 
ing the foliage from that position then 
completing the application by going 
around the tree on the outside. Samples 
of 100 leaves were selected at random by 
walking around the tree and placed in 
moisture-proof cellophane bags which 
were brought to the laboratory and 
brushed in a manner described by Hen- 
derson & McBurnie (1943). 

The leaves were brushed within several 
minutes to an hour or two from the time 
of picking. It was learned, however, that 
samples placed in the refrigerator within 
an hour of picking could be kept for at 
least 24 hours without apparently affect- 
ing the count. To evaluate the treatments 
the mite population on the treated trees 
was compared with the population on 
nearby check trees and usually from some 
of the trees to be sprayed at the time of 
spraying or on the day before the sprays 
were applied. In the single tree series 
beginning on August 12 and replicated on 
four successive days (Table 3) the popu- 
lation on each treated tree was compared 
to the population found on the sample 
taken from the same tree immediately 
before the treatment was applied. 

Resuts or Tests in 1946.—Materials 
combined with wettable DDT in three 
cover sprays on Delicious variety in- 
cluded the following at the indicated 
rate of dilution in 100 gallons of water: 
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25 per cent wettable azobenzene, 4 
pounds; xanthone, 1 pound; 30 per cent 
wettable hydroxypentamethy] flavan, 4 
pounds; disodium ethylene bisdithiocar- 
bamate,' 2 quarts; 83 per cent summer 
oil emulsion, 6 quarts; and triethanola- 
mine salt of dinitro-o-cyclohexylphenol’, 
1.25 pounds. Azobenzene and the diso- 
dium compound! gave no control and the 
other materials were either less effective 
or no more effective than the standard 
acaricide? used by commercial apple 
growers. 

Resutts or Tests In 1947.—Tables 1, 
2 and 3 present the results of the treat- 
ments in the order of their effectiveness as 
indicated by the percentage of mites oc- 
curring on samples of 100 leaves taken 5 
days after the sprays were applied. About 
94 per cent of the mites were European 
red mites, the remaining individuals 
were mostly Tetranychus schoenei McG. 
Di(4-chlorophenoxy) methane ranked 
consistently among the most effective 
compounds or combinations listed in the 
three tables. Other promising materials 
used in all three sets of tests were dioctyl 
pthalate and parathion; but the latter 
compound in one of the four replicates 
included in the averages reported in table 
2 gave practically no control. In general, 
tetraethyl pyrophosphate was more ef- 
fective than hexaethyl tetraphosphate 
but both compounds were usually among 
the less effective treatments. On warm 
days the diluted hexaethy] tetraphosphate 
caused an irritation resembling hives on 
the face and arms of the spraymen includ- 
ing the writer. The erythema always con- 
tinued for a couple of days and was alle- 
viated by applying rubbing alcohol. 

None of the materials or combinations 
caused injury on the fruit or foliage, but 
severe injury occurred in the form of 
black specks on the fruit when an applica- 
tion of hexaethyl tetraphosphate was 
made on trees which had been sprayed 
with bordeaux mixture about 10 days 
previously. 

As used by orchardists during the past 
season, hexaethyl tetraphosphate was 
less effective than DN-111, and after a 


1 Dithane-1 4. 
2 Dn-111. 
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Table 1.—Effect of adding a acaricide to orchard spra 
DDT per 100 gallons of water; the acaricides being 
ending June 10, 24, and July 23, 1947, respectively. Apple variety, Rome Beauty. Per cent of live 
mites as compared to 510 mites per 100 leaves from trees sprayed with DDT alone. 
















containing 1.5 pounds of 50 per cent wettable 
ded in the third, fourth and cover sprays 
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MATERIAL AND QUANTITY PER Moru 
No. 100 GALLONS On July 24 On July 28 Insurres! 
1. 15% Parathion 1 |b. 6.8% 0.9% 1.4% 
2. Diocty] pthalate 1 qt.? 1.9 2.9 6.7 
$. Hexaethy] tetraphosphate 1 pint 7.8 3.9 3.1 
4. 40% di(4-chlorophenoxy) methane 1.25 Ibs. 10.7 3.9 5.8 
5. Tetraethyl pyrophosphate 1 pint 2.9 16.6 6.3 
6. 50% hexaethy] tetraphosphate 1 pint 37.2 23.5 9.9 
7. Hexaethy] tetraphosphate 1 pint 12.7 33.3 12.7 
8. 80% 1,1-bis (chlorophenyl) ethane 1 pint 100.0 99.0 10.7 
9. Trees sprayed with 1.25 lbs. of 50% DDT, 2nd, 13.7 
$rd, 4th and 5th covers 
Number of mites on 100 leaves on July 24 510 
Number of mites on 100 leaves on July 28 3900 
10. Check trees, not sprayed after the Ist cover spray 93.7 
Number of mites on 100 leaves on July 24 395 
Number of mites on 100 leaves on July 28 2582 




















2 Grasselli Spreader, 1 oz. added. 






maximum of four applications, its use 
was discontinued in favor of the latter 
compound. The chief cause of the failure 
of hexaethyl tetraphosphate in commer- 
cial operations appeared to be due to the 
absence of any residual value against 
mites. 

Errect or Coptinac Moru.—For rea- 
sons of economy a desirable acaracide 
must be compatible with the ingredients 
used to control the codling moth. There- 
fore, most of the compounds included in 
this report were used in laboratory tests 
combined with 50 per cent wettable DDT 
to examine their biological compatibility. 
Some of the compounds reduced slightly 


100 leaves on check trees as indicated. 


1 Includes data on fruit harvested in September and all drops from early July to harvest. 





Table 2.—Results of tests to control mites on single trees of the Rome variety; series of July 12 
and 24, 1947 at Winchester, Va. Average per cent of live mites as compared to the population per 





the effectiveness of DDT, possibly on 
account of the wetting agent present. 
Others improved effectiveness slightly. 
The compound that increased effective- 
ness most in the laboratory and in the 
orchard (Table 1) was parathion. 

Fruit picked from Stayman-Winesap 
trees sprayed with 15 per cent parathion, 
3 pounds per 100 gallons of water, 7 and 
8 days previously and subjected to at- 
tack of the codling moth larvae in the 
insectary showed 1.3 per cent live entries 
and 13.5 per cent total injuries as com- 
pared to 19.5 per cent live entries and 
31.3 per cent total injuries on fruit from 
trees of the same variety and sprayed at 





































MATERIAL AND QUANTITY PER 












1 Day After 5 Days After 














Check trees, number of mites per 100 leaves 
On July 11, 860 
On July 25, 1635 


No. 100 GALLoNns Spraying Spraying 
a 00 di(4-chlorophenoxy) methane 2.5 lbs. 18.38% 4.7% 
2. 15%Parathion 1 Ib. 15.8 5.7 
3. 80% 1,1-bis (chlorophenyl) ethane 1 qt. 13.2 5.8 
4, Tetraethyl pyrophosphate 1 pint! 9.4 12.3 
5. Dioctyl pthalate 1 qt. 17.1 16.2 
6. Dinitro compound? 1.25 lbs. 10.8 21.5 
7. Hexaethy] tetraphosphate 1 pint* 6.5 31.9 
















1 Grasselli Spreader, 2 oz. added. 


2 DN-111, Contains 20% amine salt of dinitro-o-cyclohexylphenol. 





3 Grasselli Spreader, 2 oz. added in test of July 24. 
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the same time with 10.8 ounces of DDT 
(1 quart of 30 per cent DDT solution) in 
100 gallons of water. 

Further laboratory tests in which 15 
per cent parathion was sprayed on apples 
at the rate of 1 and 3 pounds per 100 
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used in all three series of tests to control 
European red mites, the following ranked 
among the more effective compounds: 
di(4-chlorophenoxy) methane, dioctyl 
pthalate and parathion. The latter com- 
pound was effective in controlling codling 


Table 3.—Results of tests to control mites on single trees of the Rome variety; series of August 12 
to 15, 1947, showing average results of four replicates on successive days, excepting treatments No. 
4, 5, 7 and 16 which represent only two or each. Average per cent of live mites as compared 


to the population found on the foliage o 


each tree just before spraying. 








No. . MATERIALS AND QUANTITY PER 100 GALLONS 


1 Day After 
Spraying 


5 Days After 
Spraying 





_ 


. 40% di(4-chlorophenoxy) methane 1.25 lbs. 
Dry Mix No. 1' 8 oz. 

. 40% di(4-chlorophenoxy) methane 2.5 Ibs. 

. 40% di(4-chlorophenoxy) methane 1.25 lbs. 
Dinitro compound? 10 oz. 

. Dioctyl pthalate 1 qt.* 

. 50% flavan-oil composition 1 qt.‘ 

. 40% di(4-chlorophenoxy) methane 2.5 Ibs. 
Bordeaux mixture 2-4-100 formula 

. 50% flavan-oil composition 1 qt. 
Bordeaux mixture 2-4-100 formula 

. 95% N-dodecyl-2-thiazoliny] sulphide 1 pint 


ote ~ ore CO 2 


— 


. 80% xanthone 1.25 lbs. 

Bordeaux mixture 2-4-100 formula 
. 80% xanthone 1.25 lbs. 
. 15% parathion 1 lb. 

50% tetraethyl pyrophosphate 1 pint 

. 15% parathion 1 lb. 

Bordeaux mixture 2-4-100 formula 
. DN-111? 1.25 lbs. 
. Diocty] pthalate 1 qt.* 

Bordeaux mixture 2-4-100 formula 
17. 50% hexaethyl tetraphosphate 1 qt. 
18. Hexaethyl tetraphosphate 1 pt. 


11 
12 
13 
14 


— 
Oo or 


. 17.5% di(p-chlorophenyl) methy] carbonal 1 pint 45. 


17. 
8. 


11 
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34. 
29. 


40. 
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1 40% dinitro-o-cyclohexylphenol. 
2 20% amine salt of dinitro-o-cyclohexylphenol. 


gallons of water indicated complete con- 
trol on fruit suspended outdoors for 5 
days before being subjected to attack of 
the codling moth larvae. Observations in 
the Stayman-Winesap orchard, however, 
indicated that the residue loses much of 
its effectiveness against the codling moth 
when the interval between sprays is ex- 
tended to 14 days. 

Summary.—Of the new compounds 


3 2 oz. Grasselli Spreader added. 
450% hydroxypentamethy] flavan in oil. 


moth larvae for several days following an 
application and in combination with DDT 
formed the most effective treatment used 
to control the codling moth and mites. 
Limited tests with N-dodecyl-2-thiazo- 
linyl sulphide showed sufficient promise 
to warrant more extensive tests. Hexa- 
ethyl tetraphosphate and tetraethyl pyro- 
phosphate were erratic in effectiveness. 
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As in many other apple growing areas, 
the western New York fruit belt is ex- 
periencing a serious outbreak of the red- 
banded leaf roller Argyrotaenia velutinana 
Wlkr. It was a year ago, the fall of 1946, 
that our fruit growers first became con- 
cerned over the increasing amount of 
damage on apples. The outbreak was gen- 
eral and the injury varied from unim- 
portant to 20 per cent of the crop in a few 
instances. 

This past season (1947) the damage 
increased to three and four times that of a 
year ago. In a number of orchards there 
was practically a total loss of the crop. 
In such cases over 90 per cent of the fruit 
was injured and feeding areas showed on 
almost every leaf. The trees dropped 
three quarters of their fruit before picking 
time, and the injured fruit withered from 
loss of water and was subject to early 
decay. 

Efforts to dispose of the damaged fruit 
were most discouraging. The presence of 
the caterpillars, webs and excrement on 
the apples was cause for rejection by fed- 
eral inspectors as unfit for human con- 
sumption. Processors were not interested 
as the damaged fruit did not peel satis- 
factorily. Severely damaged crops had to 
be cleaned by either brushing or washing 
or both before they could be sold. 

Prior to the present outbreak, injury to 
apple crops in western New York has 
usually been negligible in amount except 
for an occasional orchard. In such cases 
the damage rarely exceeded 10 per cent 
of the crop. These sporadic outbreaks 
were checked by the early summer sprays 
(petal fall and first cover) of lead arsenate 
as used in the spray program recom- 
mended for the codling moth. The im- 
portant consideration was to coat the 
lower leaf surfaces where the young cater- 
pillars fed. 

The present unusual outbreak offered 
an opportunity to secure new information 
on control and the purpose of this paper 
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Red-Banded Leaf Roller Control in Western 
New York in 1947’ 


S. W. Harman,? New York State Agricultural Experiment Station, Geneva 
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is to present data gathered during the 
past season. 

There are normally two full broods of 
the insect in western New York and dur- 
ing favorable seasons a trace of a third 
brood. The egg hatching period commen- 
ces several days ahead of that of the cod- 
ling moth and lasts for about 2 weeks. 
For this reason the sprays applied to 
control codling moth are also effective 
against the leaf roller. 

Data from two heavily infested or- 


chards representative of the results of 


several efforts at control carried on this 
past season are considered in detail. 

EXPERIMENT 1.—This work was con- 
ducted in the John Goodrich orchard at 
Burt, New York in Niagara County for 
the purpose of determining the relative 
values of Jead arsenate and DDT as con- 
trols for the red-banded leaf roller. The 
planting was one in which the insect had 
caused considerable damage in 1946. 
Twenty per cent of the crop of the variety 
Cortland was discarded as culls due to 
leaf roller injury. It is well known that 
fruit that sets thickly on the branches or 
grows in clusters is more subject to dam- 
age by this insect. Cortland is one of 
these sorts and for that reason was se- 
lected for the control studies. The or- 
chard was set to Cortland, McIntosh and 
Delicious, but only the former variety 
was considered in the tests. McIntosh 
and Delicious fruits are usually well 
spaced on the branches and hang more as 
individual apples. For this reason they 
may be more effectively protected against 
leaf roller attack. 

Four rows of trees in a section of the 
orchard adjoining a wood lot (which ap- 
peared to make for more favorable con- 
ditions for leaf roller infestation) were 
selected for the tests. Each row contained 
10 mature bearing trees and was divided 
into two plots of five trees each. This pro- 
vided eight plots in addition to the check 
trees which were not sprayed after the 
bloom period. The remainder of the or- 
chard received DDT in the cover sprays 
and appears in table 1 as plot 9. 

Sprays were applied with a modern 
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high pressure orchard sprayer, the appli- 
cations being made by the owner accord- 
ing to the plan of the experiment. Two 
‘ leads were used, one from the top of the 
tank and another on a low rear platform 
where the liquid was directed upward to 
cover the under surface of the foliage as 
much as possible. 

No appreciable injury was noticed until 
about the first of August when the second 
brood caterpillars appeared. By the mid- 
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sprays for codling moth. There were no 
further treatments in this orchard aside 
from the tests outlined in table 2. 

Notwithstanding the summer treat- 
ment with DDT, the apple crop in this 
planting was, practically speaking, a total 
loss from the work of the red-banded leaf 
roller. Three quarters of the fruit dropped 
prior to harvest as a result of leaf roller 
injury. 

The trees were large and umbrella 


Table 1.—Red-banded leaf roller control, 1947.! 








/12 

6/3 10- 

CaLtyx Day 
Spray SPRAY 


TREATMENT (AMOUNT IN 
100 GALLONS) 


PLoT 


PER 
CENT 
Dam- 
AGED 

APPLES 


Cover SPRAYS 





6/26 7/9 7/24 8/7 8/18 9/2 
1 2 3 4 5 6 





Lead arsenate $ lbs. 
Lead arsenate 3 lbs. 
Lead arsenate $ lbs. 
Lead arsenate 3 Ibs. 
DDT, 2 lbs. 50-W?* 
DDT, 2 lbs. 50-W 
DDT, 2 Ibs. 50-W 
DDT, 2 lbs. 50-W 
DDT, 2 Ibs. 50-W 


Check, no sprays after bloom 


CRRVAAS CHE 


_ 
[= 


19. 
5. 
2. 
0. 

48 

21. 

19. 

14 

12 

71 


+4+4+4+4++4+44++4+ 
+++4+4++4+4+4++4+ 
++4+4+4+4+4+4++4+ 
SDeroersone 





1 Tests were made in the John Goodrich orchard at Burt, N. Y. 


2 LA=lead arsenate 3 Ibs. used in the calyx and 10-day sprays prior to the DDT program. 


3 50 per cent wettable powder. 


dle of that month the worms were moving 
onto the fruit and observation of un- 
sprayed trees indicated the presence of a 
large population. The crop was picked on 
the 8th of October at which time many 
worms were feeding on the fruit. 

The data from the control tests are 
given in table 1. The percentages are the 
results of counting the total crop includ- 
ing dropped fruit from two Cortland trees 
in each plot. 

A comparison of the data given in table 
1 show that sprays of lead arsenate were 
outstandingly more effective in prevent- 
ing red-banded leaf roller injury to apples 
than were sprays of DDT. 

The data also imply that sprays applied 
early in the program, ie., during June 
and July, were those most valuable in 
reducing the amount of injury. 

EXPERIMENT 2.—Spray applications to 
combat the second brood of caterpillars 
during the month of August were made in 
a heavily infested 50 year old Baldwin 
orchard in which no lead arsenate had 
been used. The owner had applied DDT 
in the petal fall and first three cover 


shaped, allowing the spray to be 
thoroughly applied from underneath as 
well as from the outside. Experimental 
treatments were made with a modern 
high pressure orchard sprayer using 450 
pounds pressure and applying ample 
liquid to wet thoroughly the trees from 


Table 2.—Red-banded leaf roller, second 
brood control, 1947.! 








Per 
CENT 
Dam- 
TREATMENT (AMOUNT IN Aug. Aug. AGED 
100 GaLLons) 7 20 AppPLes 


APPLICATIONS 


8 





DDT, 1 Ib2 

DDT, 1 Ib.2 

DDT, 1 lb. in benzene* 

DDT, 2 lbs. in benzene 

Lead arsenate, 3 lbs. 

Lead arsenate, 3 lbs. 

DDT, 1 lb. +lead arsenate, 3 Ibs. 

DDT, 1 lb. +lead arsenate, 3 lbs. 

Parathion, 3 lbs., 15% wettable 
powder* 

Check, no August sprays 

Check, no August sprays 


a) SCemronrt woe 
++++4++4+44+ 


_—— 





1 This work was done in the Harry Brown orchard at Water- 
port, N. Y. 

2 Applied as “Deenate” using 2 pounds of 50% wettable pow- 
der in 100 gallons. 

3 Prepared by dissolving 1 pound technical DDT in 1 quart 
benzene and using as an emulsion in 100 gallons of water. 

4 Product of American Cyanamid Company. 
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both beneath and outside. The treatments 
and results expressed as percentage dam- 
aged fruit are given in table 2. 

Judging from the amount of injury 
that developed throughout the orchard 
as a whole as well as on the check trees, 
the early season sprays with DDT applied 
by the owner were of little value as a 
control for the leaf roller. These trees re- 
ceived a petal fall and three cover sprays 
of one pound of DDT in 100 gallons for 
the codling moth prior to the experimental 
tests made against the second brood of 
leaf roller caterpillars in August. 

A study of table 2 indicates that the 
control resulting from the use of either 
lead arsenate or DDT in August as ap- 
plied in this orchard was not satisfactory. 
Lead arsenate at 3 pounds, Fig. 2, in 100 
gallons as compared with DDT, at 1 
pound was unquestionably the more ef- 
fective of the two. By doubling the con- 
centration of DDT to 2 pounds in 100 
gallons, the control was similar to that 
with lead arsenate. 

A new insecticide, parathion was by far 
the most efficient material used against 
the red-banded leaf roller. This new in- 
secticide, was first produced by German 
workers. It is an esther of thiophosphoric 
acid and was produced and made avail- 
able during the past year for experimental 
purposes by the American Cyanamid 
Company. 

The experience of many fruit growers 
and also other experimental evidence 
confirmed the results of the tests reported 
above. By the end of the season there was 
little doubt that DDT was not the answer 
to the problem. The use of as few as one 
or two lead arsenate applications in June 
saved many apple crops from serious dam- 
age. There were a number of instances in 
which growers using lead arsenate pro- 
duced good crops of fruit while neighbors 
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on all sides who relied on a straight DDT 
program experienced serious losses. There 
were also a number of the better growers 
who used lead arsenate in the petal fall 
spray and again 10 days later, and then 
by careful inside and outside spraying 
with six or more cover sprays of DDT 
were able to hold the injury to a low 
figure. This program, however, was con- 
sidered too strenuous and expensive to be 
practicable. In other words, it was a losing 
battle to try to fight the red-banded leaf 
roller with DDT in a problem orchard. 

SumMary.—Prior to the introduction of 
DDT in our apple spray program, lead 
arsenate provided adequate control of 
the red-banded leaf roller when properly 
applied. Occasional outbreaks in indi- 
vidual orchards were combated with ar- 
senical sprays directed to protect the 
lower leaf surface where the newly hatched 
caterpillars are found. 

The results of all attempts at control 
during 1947 showed outstanding superi- 
ority of 3 pounds of lead arsenate over 
DDT used at the 1 pound in 100 gallons. 
This would indicate that the substitution 
of DDT for lead arsenate in, the apple 
spray program may have been an impor- 
tant factor in bringing about our present 
problem with the red-banded leaf roller. 

Sprays applied during June, directed 
against the first brood caterpillars, were 
much more successful in preventing injury 
to the fruit than August applications 
made at the time the second brood larvae 
were active. 

The most outstanding insecticide used 
in the control tests was the new material 
parathion. 

The method of application, whatever 
the material used, was very important. 
To be effective, sprays had to be directed 
to cover the lower leaf surface where the 
young caterpillars were feeding. 





Hueu Guascow Seriousty ILu 


Dr. Hugh Glasgow, Head of the Division of Ento- 
mology of the New York Agricultural Experiment 
Station at Geneva has been seriously ill for the past 
two months. At present reports it cannot be less 
than a month before he is able to return to his duties. 
Dr. Glasgow’s many friends will wish to extend their 
sympathy and best wishes. 





Two Years of Experience with Mist Blowers for 
Control of Apple Pests 


Purp Garman, Connecticut Agricultural Experiment Station, New Haven 


After two years work with the mist 
blower method for control of apple pests 
it seems advisable to present some of our 
conclusions regarding its general useful- 
ness. Apparent advantages lie in: 

(1) Ease of operation compared with standard 

outfits, 

(2) The smal] amounts of water or solution car- 
ried and the large number of trees sprayed 
with one filling. 

(3) Lack of removal of previous sprays. 

(4) Feasibility of spray and dust applications with 
one machine. 

(5) Speed of operation. (To date we have been 
able to cover about two acres per hour, but 
we believe this rate can be increased.) 


Disadvantages are: 


(1) Difficulty of operating in moderate winds. 
(Mist does not settle on the foliage well in 
windy periods.) 

(2) Concentrates are not agitated sufficiently in 
the outfits used so far. Different agitation may 
be necessary for concentrates as compared 
with the usual] dilutions, 

(3) Complete cover of all parts of the tree is some- 
times difficult to obtain even in quiet periods 
due to lack of flexibility in the machines them- 
selves. 

(4) Some of the nozzles used are definitely un- 
suited to the application of concentrates; all 
could be improved. 


GENERAL ConcLusions.—(1) Suitable 
pest control can be obtained with mist 
blowers. (2) The main problems are 
mechanical and more study from an 
engineering standpoint is highly desirable. 
(3) We are not yet ready to recommend 
the mist blower as a replacement for 
older conventional sprayers. (4) We must 
continue to work with the method which 
appears sound in theory and will, we feel 
certain, eventually increase the speed and 
ease of apple pest control. Being an en- 
tirely new tool, we must learn how to use 
it. 

Discussion.—The figures in the tables 
represent data obtained in four different 
orchards in 1947. While not indicated in 
the programs given with the tables, we 
also applied dormant oils and DN sprays 
with the apparatus described. For dor- 
mant sprays, oil at 25 per cent and DN, 
16 quarts to 100 gallons were used. 

Our 1946 tests consisted of randomized 


Eastern Branch Program. 


plots at Mount Carmel. Here the fruit 
was examined by sampling both picked 
and drops and inspecting each apple of 
the sample individually. The 1947 tests 
were much larger and consisted of ap- 
proximately two acres divided into two 
plots, in three different orchards—all 
within a radius of 15 miles of New Haven. 
This year examination of four of the plots 
was done shortly before harvest while the 
apples were still on the trees. Two of the 
plots, both in the Plumb Orchard, were 
sampled as in 1946, and the apples of the 
sample examined individually. 

From the tables it is apparent that the 
most serious problem during 1946 was 
scab control yet, in spite of the seriousness 
of the situation it was possible to obtain 
reasonably clean fruit with a minimum 
number of sprays. During both years 
insects have been handled well, though, 
had codling moth been more severe, we 
might have had more serious trouble be- 
cause of the thin deposits in the top 
centers of the trees. Maggot control is 
not shown in the table, but paralleled 
that of other pests. In only one case did 
the control appear to be poor, that of the 
sulfur plot in the Plumb Orchard for 
1947. As may be deduced from table 1, 
russetting is not seriously increased even 
on tender varieties such as Baldwin. 
Lack of color was apparent in some of the 
blocks treated with Fermate, but this was 
no different from others treated with the 
same material in the usual manner. Only 
one of our plots became infested with 
European red mites—again the sulfur 
plot in the Plumb Orchard. 

Most of our work has been done (except 
for the dormant sprays) with mixtures 
carrying approximately two pounds of 
solids per gallon, but reduced in late season 
to avoid heavy residues. With this concen- 
tration and the whirl jet nozzle,' we had 
much less clogging than in 1946. The rate 
of application for medium and _ large 
trees commercially pruned, was 3 to 5 
quarts per tree in 1947 and 2 quarts in 
1946. 

It has been argued that the type of 


1 Spraying Systems Co., 4021 Lake St., Chicago, Illinois. 
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1946. From table 1 it is evident that 
general insect and disease control was 
nearly or quite as good with five mist 
sprays as was obtained with 11 or 12 with 


cover being discontinuous, control of 
diseases and insects cannot be secured. 
Figure 1 gives an idea of what frequently 
happens when the mist sprayed deposit 


Table 1.—Pest control 1946. Niagara mist blower vs. standard equipment. 








Goop 
INcLup- 
ING 
Russet 


Goop 
Minus 
RusseETED 
Fruit 


ScaB Russer 





TREATMENT (Per Cent) 





McIntosh 
. Sulfur-lead arsenate 11 sprays—hydreulic rig 96 .64 
. Sulfur-lead arsenate 12 sprays—hydraulic rig 93.14 
. Sulfur-lead arsenate concentrates 5 sprays—mist blower 84.03 
. Fermate-lead arsenate concentrates 5 sprays—1 dust. 97 .22 
mist blower 
Baldwin 


. Sulfur-lead arsenate 11 sprays—hydraulic rig 96.90 

. Sulfur-lead arsenate 12 sprays—hydraulic rig 97.81 

3. Sulfur-lead arsenate concentrates 5 sprays—mist blower 96 .47 

. Fermate-lead arsenate concentrates 5 sprays—1 dust. 94.78 
mist blower 


1.64 
4.38 
13.37 
1.16 





Spray Dates AND ForRMULAE 


1946 
. April 17, 24, May 10, 17, 23, 29-31, June 7, 17, 25, July 5, 25 
. Same as 1 with one extra spray April 23 
. April 29, May 14, 30-31, June 15, July 15 
. April 23, 29, May 14, 30-31, June 15, July 15 


Treatment 


Hydraulic spray formula 


1 and 2. Lead arsenate 8 lbs., early, 2 lbs. in late season 
Wettable sulfur! 4 lbs. early, 3 in late season 
Lime 8 lbs. early, 2 in late season 


Mist blower formula 


5 lbs. 
3 lbs. 
1 pint (omitted in last spray) 


. Dry wettable sulfur! 
Lead arsenate 
White mineral oil 
Water to 4 gallons 
Total solids per gallon 2 lbs. 


Mist blower formula 


. Fermate (75% active) 
Lead arsenate 
Dazad dispensing agent 
Skim milk powder oz. 
White mineral oil pints (omitted in last spray) 
Water to 4 gallons 


Total solids per gallon Ib. 15 oz. 


1 Dow Chemical Co. Mike. 


is subjected to weathering for a few days. conventional apparatus. In the case of the 


Similarly, after several successive applica- 
tions, the foliage becomes more and more 
completely covered and doubtless accounts 
for some of the favorable results that have 
been obtained. There is, of course, no 
removal of previous deposits by succeed- 
ing applications. 


Fermate treatment, scab was held to a 
lower figure than any other method or 
formulation. For the Baldwins, there is 
no significant difference either in russet 
or amount of clean fruit between the mist 
blower plots and those sprayed with 
conventional rig. Maggot control not 
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Table 2.—Control of orchard pests with bean mist blower—1947. 








ORCHARD VARIETY 


Goop CuRcULIO ScaB 





Per Cent 





Rome 

Rome 

McIntosh 
McIntosh 
McIntosh 
McIntosh 
Delicious 
Delicious 
McIntosh 
McIntosh 


Plumb 
Plumb 
Plumb 
Plumb 
Bishop 
Bishop 
Bishop 
Bishop 
Barnes 
Barnes 


2.27 
1.20 
4.00 
1.87 
1.18 
1.93 
1.18 
3.13 

77 
2.79 





Number of sprays: 
Plumb orchard— 9—(1 dormant oil, 1 D). 
Bishop orchard—10—(1 dormant oil) 
Barnes orchard—10—(2 dormant by owner). 


Spray Dates AND FoRMULAE 


1947 


Plumb Orchard. April 28, May 15, 28, June 9, 20-23, July 7, 28 
Bishop Orchard. April 26, May 7, 15, 27, June 10, 20-23, July 3, 8, 29 
Barnes Orchard. May 7, 24, 28, June 10, 30, July 5, 7, 29 


Mist biower formulae 


Fermate 
Sulfur 


Fermate-lead arsenate 


Sulfur-lead arsenate 


.42 lb. per gallon (early) 
1.2 


Ibs. per gallon (early) 

Ibs. per gallon, early. 

lbs. per gallon, mid-season 
Ib. per gallon, late 


Ibs. per gallon, early 
Ib. per gallon, mid-season 


5 Ib. per gallon, late 


Small amounts of mineral or vegetable oil stickers were 
used early in the season together with emulsifying agents, 
but were omitted after June 15 


shown in the 
all plots. 
1947. The data obtained in 1947 is set 
forth in tables 2 and 3. Curculio control 
was good to excellent, but the sulfur mist 
blower job was considered a failure in 
scab control. In three of the five compari- 
sons of the sulfur and Fermate the latter 


tables) was satisfactory in 


was better for scab (Table 2), while in 
the fourth, it was almost equal. Compared 
with owner-sprayed areas, the plots in one 
orchard were better, but worse in another. 
In both of these orchards the scab situa- 
tion became so bad that it was necessary 
to apply one Puratized spray with high 
pressure outfits. However, check trees 


Table 3.—Comparison of mist blower and hydraulic rig. Plumb orchard—1947. 








MATERIALS 


SUMMER 
SPRAYS 


No. PERCENTAGE 


VARIETY Good Sil 





Fermate-Lead Arsenate puratized—hydraulic rig 
Fermate-Lead Arsenate—mist blower 
Sulfur-Lead Arsenate—mist blower 
Fermate-Lead Arsenate puratized—hydraulic rig 
Fermate-Lead Arsenate—®mist blower 


13.32 
20.18 
55.05 
4.93 
3.85 


82.97 
77.72 
41.16 
93.57 
93.38 


7 McIntosh 

7 McIntosh 
McIntosh 
Rome 
Rome 
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Fic. 1.—Type of deposit obtained from mist blower 

application of wettable sulfur-lead arsenate concen- 

trate. A. Shortly after spray. B. Leaves from same 

tree after two or three days of damp weather. Note 
uniform distribution of deposit. 


left at the time of this spray indicated 
that the treatment had litle over-all effect 
on the scab. In the Plumb Orchard, table 
8 comparisons of Fermate, mist blower 
work and high pressure spray plots show 
the same degree of control for Romes, 
but much inferior for McIntosh. This is 
due to the fact that the McIntosh trees 
are much larger than the Romes and the 
problem, therefore, becomes one of cov- 
erage as well as actual pest control. Maggot 
control was satisfactory in the Plumb 
Orchard Fermate plot, but unsatisfactory 
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in the sulfur plot. The other two orchards 
were not examined for maggot, but ap- 
peared from casual external examination 
to be free of the pest. 

All the plots treated in 1947 contained 
very large trees and at least two of them 
were in locations subject to scab. The 
Plumb Orchard is particularly subject, 
being as bad as any in the state. Curculio 
and maggot infestations are also severe 
in the Plumb Orchard. 

EquipMentT.—Our 1946 experiments 
were made with a converted Niagara 
duster provided with a 30-gallon water 
tank and a two-cylinder pump driven 
with a belt connected with the power 
shaft. The nozzle arrangement consisted 
of a single oil burner type nozzle inverted 
in the end of the air discharge tube. End- 
less trouble developed from clogging so 
that the nozzle was discarded at the end 
of 1946.1 

In 1947 a large duster-sprayer* with 
two-cylinder pump and a special nozzle 
manifold for spreading the air and giving 
more even cover was made available. 
The triple broom-like manifold was first 
operated in a vertical position but later 
was changed to horizontal because of 
improved deposits when operated in that 
position. Whirl-jet nozzles, a single one 
inverted in each of the three outlets gave 
little trouble from clogging. The size of 
the nozzle orifice is 0.06 inch and esti- 
mated delivery (3 nozzles) at 75 pounds 
pressure is 3 quarts per minute. Actually 
the delivery was nearer a gallon per min- 
ute in our tests.‘ 


was done 


1 Changes in the duster to adapt it to mist sprayi J 
xperiment 


by R. A. Spencer of the Connecticut Agricultural 
Station. 

3 All the above-mentioned work has been in cooperation with 
S. F. Potts of the U. S. Department of Agriculture, who has been 
instrumental] in developing the ines for mist applications. 
For further details refer to Potts & Friend, 45th Report of the 


Connecticut State Entomologist, Bul. 501, pp. 47-60, 1946. 
y 


4 The ial manifold was constructed John Fraser of 


I amden, Connecticut. 








Control of Peach Insects with New and Old Insecticides 


CastiLLo GranaM, University of Maryland 


In 1946, experiments were conducted 
to test the comparative efficiency of ben- 
zene hexachloride, benzene hexachloride 
plus DDT, DDT plus acid lead arsenate, 
acid lead arsenate and basic lead arsenate, 
in the control of the plum curculio and 
insects that cause cat-facing of peaches. 
Records were taken on the injury to fo- 
liage and twigs resulting from these treat- 
ments. The sprays were applied by the 
grower under the direction of the writer 
and each plot received two applications 
of the insecticides, one in the petal fall 
and the other in the shuck slip stage. 

Curculio data was obtained by examin- 
ing the drop peaches from 30 trees in each 
plot. Cat-facing data was obtained by 
examining the peaches from 3 trees in 
each plot. The data on foliage injury was 
obtained by counting the number of 
leaves on the ground from 5 trees in each 
plot on June 10 and 27, and the data on 
twig injury by examining the base of the 


current season’s growth on 50 twigs in 
each plot (Tables 1 and 2). 

The results obtained in 1946 with ben- 
zene hexachloride were favorable enough 
to make it desirable to continue the work 
in 1947. That year a block of 4 year old 
trees surrounded on three sides by woods 
and on the other side by an old peach 
orchard was selected for these tests. Cur- 


Table 2.—Leaf and Twig Injury, 
1946 Experiments. 








AVERAGE NUMBER 
LEAVES ON GROUND 
PER TREE 


NuMBER NUMBER 
Twies Twics 
Exam- In- 

INED JURED 





June lO June 27 





649 192 50 47 
597 173 50 50 
697 362 50 50 
499 225 50 50 
31 86 50 0 
22 139 50 2 





Table 1.—Experiments of 1946. 








Spray MATERIALS PER 
100 GALLONS 


Per Cent 
INJURED 


NUMBER 
INJURED 


PEACHES 
EXAMINED 





Petal fall & shuck sprays 
4 lbs. basic lead arsenate 
4 lbs. lime 


For curculio 

1117 55 
For cat-facing 

1639 84 


4.92 
5.18 





Petal fall & shuck sprays 
4 lbs. basic lead arsenate 
4 ozs. DDT 

4 lbs. lime 


For curculio 

1020 42 
For cat-facing 

No record 


4.11 





Petal fall & shuck sprays 
2 lbs. acid lead arsenate 
3 lbs. zine sulfate 

2 Ibs. lime 


For curculio 
1225 

For cat-facing 
785 





Petal fall & shuck sprays 
2 lbs. acid lead arsenate 
3 Ibs. zine sulfate 

4 ozs. DDT 


For curculio 
1338 

For cat-facing 
1045 





Petal fall & shuck sprays 
3 Ibs. benzene hexachloride 


For curculio 
2000 

For cat-facing 
1159 





Petal fall & shuck sprays 
3 lbs. benzene hexachloride 
6 ozs. DDT 


For curculio 
1800 

For cat-facing 
1277 
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culio and cat-facing had been a serious 
problem in the old orchard for several 
years. 

In the spring, the orchard was seeded 
to rye and vetch and heavily fertilized 
resulting in a heavy growth. The trees 
received three applications of nitrate and 
were extremely vigorous throughout the 
growing season. 

Forty-five rows having from 4 to 6 
trees per row were selected for the test. 
Fifteen formulations of sprays, each repli- 
cated three times were used in the ex- 
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injuries that could not be attributed to 
any particular insect. The injured spots 


-were covered with gum, or had small 


tentacles of gum protruding from the 
scar. These scars had previously been 
attributed to oriental fruit moth by the 
writer, but upon closer examination with 
a microscope, appeared to be caused by 
one of the stink bugs. This type of injury 
is designated as stings. On June 19 records 
were made on the number of leaves on the 
ground from each tree in each plot (Tables 
3 and 4). 


Table 3.—Experiments of 1947. 








Mareriau Usep 


Curcv- 
LIO CLEAN 
Scars Fruit 


Orten- Curcv- 
Cat- TAL 


FACING Stincs Mors 


Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 


LIO 
Worms 








1 Ib. benzene hexachloride plus 4 Ib. DDT in petal fall, shuck, 


Ist & 2nd cover sprays 


1 1b. DDT in pre-blossom, 2 lbs. benzene hexachloride in petal 


fall, shuck, Ist & 2nd cover sprays 


2 lbs. benzene hexachloride plus 1 lb. sticker! in petal fall, 


shuck, Ist & 2nd cover sprays 


2 lbs. benzene hexachloride in pre-blossom: 1 lb. benzene hex- 15.82 11.51 39.37 


13.4 13.43 64.13 5.49 4.34 0 


20.41 56.14 2.65 8.95 0 


15.14 


21.4 


15.9 52.38 -98 5.80 9.8 


4.11 


achloride plus 4 lb. DDT in petal fall, shuck, Ist & @nd 


cover sprays 
Acid lead arsenate 


21.04 31 53.13 ‘ 35 


1 lb. DDT in pre-blossom, 1 Ib. benzene hexachloride plus} 17.10 -75 38.58 , 0 


Ib. DDT in petal fall, shuck, Ist & 2nd cover sprays 


2 lbs. benzene hexachloride plus 1? pt. 50% hexaethyl tetra- 20.12 .09 67.57 ? .22 


phosphate in petal fall, shuck, Ist & 2nd cover sprays 


Check—no treatment 


13.27 -01 61.30 


2 Ibs. benzene hexachloride in petal fall, shuck, Ist & 2nd 15.68 .16 3.10 


cover sprays 


4 lbs. Ryanez* in pre-blossom, petal fall, shuck, Ist & 2nd =15.33 .76 64.25 y .33 


cover sprays 


2 Ibs. benzene hexachloride in pre-blossom, petal fall, shuck, 13.42 .90 58.19 . 5 91 


Ist & 2nd cover sprays 

2 lbs. benzene hexachloride plus 1 
phosphate® in pre-blossom, peta 
cover sprays 


t.,50% hexaethyl tetra- 21.35 .34 55.78 : .34 
fall, shuck, Ist & 2nd 


8 lbs. bis(methoxypheny])‘ trichloroethane in pre-blossom, , 41 61.11 


petal fall, shuck, Ist & 2nd cover sprays 


5%* bis(methoxypheny]) trichloroethane aerosol in petal fall, : 69 77.55 


shuck, Ist & 2nd cover sprays 


2 tbs. benzene hexachloride plus 1 lb. Linck Wa in pre-blos- 


som, petal fall, shuck, Ist & 2nd cover sprays 





1 B. F. Goodrich Chemical Co. 

2? California Spray Chemical Co. 

8 Merck & Co., Inc. 

4E. I. Du Pont De Nemours & Co., I 


ne. 
5 5% bis(methoxypheny]) trichloroethane, 10% Velsicol AR-60, 35% acetone, 40% methyl chloride, 10% carbon doxide. Victor 


Products Corp. 


periments. Some plots received 5 spray 
applications starting in the pre-blossom 
and others 4 applications starting in the 
petal fall stage. The intervals between 
the last 4 sprays were approximately 8 
days. 

Records were made on each peach in 
the entire block. Drop peaches were 
picked up on three different occasions and 
each peach examined for cat-facing, then 
cut and examined for curculio. At harvest 
time, each peach was examined for cat- 
facing, curculio scars, visible and invisible 
injury of oriental fruit moth. A high 
percentage of the peaches at harvest had 


During July, an extremely heavy in- 
festation of oriental fruit moth occurred 
both in the experimental plots and in 
the remainder of the orchard that was 
being sprayed by the owner. The vigorous 
growth of the young trees furnished ideal 
conditions for oriental fruit moth. Four 
plots, each consisting of 45 trees, were 
selected for control tests. Records were 
made by examining all the peaches from 
the plots for visible and invisible injury 
at harvest time. The materials used, dates 
of application, number of peaches ex- 
amined, and per cent infested with oriental 
fruit moth, are shown in table 5. 
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Discussion.—The infestation of cur- 
culio and the insects that cause cat-facing 
of peaches was so light in the orchard 
where the experiments were conducted in 
1946 that the experiments indicated only 
the desirability of continuing the work. 

Studies made on the phytotoxicity of 
the different materials to the foliage and 
twigs of the tree showed that acid lead 
arsenate was the most toxic with basic 
lead arsenate next and no injury either 
to the foliage on twigs resulted from the 
use of benzene hexachloride. The trees 
sprayed with benzene hexachloride had 
better color and made better growth than 
either of the other plots. 

The date presented in table 3 shows that 
the insects that cause cat-facing of peaches 
were not controlled with any of the spray 
combinations. used. There was no notice- 
able difference in the control of these 
insects between the plots that received 5 
applications of spray starting in the pre- 
blossom, and 4 applications starting in 
the petal fall. The percentage of stings, 
which was attributed to two species of 
stink bugs, Euschistus servus (Say) and 


Table 4.—Leaf injury, 1947 experiments. 








AVERAGE No. 
LEAVES PER TREE 
ON GROUND IN 
Eacu Piotr 


Date REcorps 
WERE TAKEN 


PLot 
No. 





June 19 54 
June 19 35 
June 19 29 
June 19 33 
June 19 641 
June 19 34 
June 19 16 
June 19 56 
June 19 47 
June 19 38 
June 19 56 
June 19 16 
June 19 34 
June 19 42 
June 19 63 


Centaur Cw 





Acrosternum hilare (Say), was high on all 
plots, except plots 5 and 14. The compara- 
tively small amount of stings on Plot 5, 
which was sprayed with acid lead arsenate, 
is attributed to the thin foliage, probably 
making it less desirable for these insects. 
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It appears that the aerosol used on Plot 
14 was somewhat more effective in con- 
trolling these pests than any of the other 
materials used. 

The 3 plots that had DDT incorporated 
in the spray program had an average of 
about 10 per cent less oriental fruit moth 
than the average of all the other plots. 

Good commercial control of the plum 
curculio was obtained with all spray 
combinations containing benzene hexa- 
chloride. The plots sprayed with lead 
arsenate and Ryania were no better than 


Table 5.—Oriental fruit moth experiments, 
1947. 








No. Perr Cent 

PEAcHES ORIENTAL 
Exam- Fruit 
INED Moru 


DatTEs 
APPLIED 


MATERIALS 
Usep 


1lb. DDT per 100 
gals. of spray 
1lb. DDT per 100 
gals. of spray 
1lb. DDT per 100 
gals. of spray 

Check - 





July 22 3397 25.72 


July 22 4879 —:12..85 


Aug. 4 10083 18.68 


4272 53.95 





the checks which received no treatment 
except sulfur sprays. 

The data on the phytotoxicity of the 
insecticides to the foliage and twigs showed 
that of all of the combinations used lead 
arsenate was the only material that 
caused any injury. 

The data on oriental fruit moth showed 
that one apvlication on July 22 was less 
effective than one on August 4, and the 
two applications, one on July 22 and one 
on August 4 were most effective than 
either of the single applications. The va- 
riety of peaches on these and the other 
experimental plots was Shippers Late 
Red. The peaches on all plots were har- 
vested on September 6. 

Conciusion.—Benzene _hexachloride 
gave better control of the curculio than 
the standard treatments and moreover 
produced less leaf and twig injury. It 
failed to control cat-facing. Oriental fruit 
moth was not satisfactorily controlled by 
the use of DDT in the early sprays; 
however, when applied in later sprays, it 
was much more effective. 














Plum Curculio Control in North Carolina! 
Ciype F, Smiru,? North Carolina Agricultural Experiment Station, Raleigh 


Recommendations for plum curculio 
control in the past have usually included 
burning of debris around the edge of 
orchards and adjoining woods, spraying 
with lead arsenate, and picking up drops. 
This paper deals with (1) the place of 
hibernation of the curculio and the value 
of destroying these hibernating quarters 
by burning; and (2), the results of field 
tests with some of the newer insecticides, 
i.e. benzene hexachloride, hexaethyl te- 
traphosphate, and chlorinated camphene 
as compared with lead arsenate. 

Plum curculio damage to peaches in 
North Carolina was especially severe in 
1945 and 1946. Many orchards had over 
50 per cent wormy fruit at harvest and 
consequently a large population of adults 
for hibernation during the fall of 1946. 
This provided a better than usual oppor- 
tunity to check on the place of hiberna- 
tion and the value of burning the debris 
around the edges of the orchards and 
woods as a control measure. 

Location or CurcuLios In DEBRIs.— 
Before starting the experiment on burning 
it was deemed advisable to substantiate 
the findings of Quaintance & Jenne (1912) 
and Snapp (1930), that the majority of 
curculios hibernate in the debris or imme- 
diately above the soil surface. In order to 
check further on this, two 1-square yard 
samples were taken up in three separate 
horizontal layers. The first layer of the 
samples consisted of the current year’s 
leaves which were very fluffy. The second 
layer was old leaves and other debris 
which was starting to decay. The third 
layer consisted of the first two inches of 
the soil. In both samples, all curculios 
were found in the old debris just above 
the soil. Snapp (1930) reported finding a 
few curculios in the soil, but most of them 
occurred in the older debris. 

Samples were also taken 50 and 100 
yards from the edge of the woods, but 
curculios were not found in either area. 
Neither was it possible to find any cur- 
culios in the debris from the areas where 
peach trees had died and the grass and 


Eastern Branch Program. 

1 Contribution from the Department of Eotesslegy. North 
Carolina Agricultural Experiment Station. Published with the 
approval of the Director as Paper No. 279 of the Journal Series. 

2 Research Entomologist. 


leaves had been allowed to accumulate. 

Considerable time was also spent look- 
ing for curculios under the bark of peach, 
pine, and oak trees, but none were found. 
However, they have been reported as 
occurring under bark as well as around 
buildings and under lumber (Quaintance 
and Jenne 1912; Snapp 1930). 

BURNING AS A SUPPLEMENTARY Con- 
TROL.—Burning the debris around the 
edges of peach orchards is a rather com- 
mon practice and has been recommended 
as a supplementary control measure for 
the plum curculio. Leiby (1923) reports 
that burned areas near Aberdeen, North 
Carolina, showed a reduction of 62 per 
cent. Graham (1938) reported that burn- 
ing decreased the populations by 50 per 
cent in Maryland. Many growers in North 
Carolina burned the debris in the woods 
and around the edges of their orchards 
during the winter of 1945-46. However, 
so many curculios entered their orchards 
in 1946 that they had to carry out as 
thorough a control program as the grow- 
ers who did not burn the debris. 

During the winter of 1946-47 an experi- 
ment was set up at Candor, North Caro- 
lina, to determine the effectiveness of 
burning. Two orchards which had over 50 
per cent wormy fruit in 1946 were se- 
lected. The debris in the woods around 
the edge of the “test”? orchard had not 
been burned for several years prior to the 
time it was burned January 28, 1947. 
The debris around the “check” orchard 
had been burned during the winter of 
1945-46 but it was not burned during the 
winter of 1946-47. The results of burning 
the debris were determined (1) by check- 
ing on the number of curculios per square 
yard in the debris around the “test” or- 
chard before and after burning; and (2) 
by checking on the relative number of 
curculios in each orchard in the fall and 
spring. 

Table 1 shows that there was an aver- 
age of three curculios per square yard be- 
fore burning. After burning there was less 
than one curculio in four square yards. 
This indicates better than 90 per cent 
control of the curculios in the debris 
around the orchard and it would appear 
that burning might be an effective supple- 
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mentary control measure for the plum 
curculio. However, judging from the rela- 
tive numbers of curculios in the border 
rows of the orchards in the fall of 1946 
and the spring of 1947 (Table 2), burning 
around the test orchard was of no value. 
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acres each and sprayed with a stationary 
boom sprayer (Fig. 1). 

Orchard 2 (Golden Jubilee) had a.light 
infestation in 1946. The acre designated 
as the lead block was on a corner with 
woods on one side, an open field on one 


Table 1.—-Effect of burning debris around orchard. 











SAMPLES AVERAGE 
Date NUMBER Tora WITH CURCULIOS 
SAMPLED SAMPLES Curcuntios CurcuLIOsS PER SQ. YD. 
i 11/14/46 3 9 3 3 
Before Burning yeaa 4 12 2 3 
After Burning fart : : : ' 





The difference in the average number 
of curculios in the test orchard and the in 
check orchard may be explained by the 
fact that there were 75 acres in the test 
orchard and only 5 acres in the check or- 
chard. Thus, it is reasonable to expect as 
greater number of curculios to go across 
the outside rows of the test orchard as 
is indicated in Table 2. 

Fietp Tests with INSECTICIDES.— 
For the major plum curculio field tests 
in 1947 five orchards were selected in the 
Sand Hills area of North Carolina (‘Table 
3). Benzene hexachloride! and lead arse- 
nate were used in four of these orchards. 


Table 2.—Effect of burning debris around or- 
chard on abundance of curculios in orchards. 








AVERAGE NuMBER CURCULIOS 
PER TREE 





April 11 Sept.19 April 9 





1946 1946 1947 
Test Orchard 
Debris Burned 
1/28/47 36 30 36 
Check Orchard 
Debris not Burned -- 10 12 





The fifth orchard, the check, was not 
sprayed. 

Orchard 1 (Elberta) had a very heavy 
infestation of curculios in 1946—over 50 
per cent of the fruit being wormy at har- 
vest time. This orchard of approximately 
75 acres was divided into 3 blocks of 25 


1 All of the benzene hexachloride was labeled as containing 6 
per cent gamma. 


side, and orchard on the other two sides. 
The remainder of the orchard, about 70 
acres, is designated as the benzene hexa- 
chloride block. However, records from the 
BHC block were taken from an area ad- 
jacent to the lead block. A stationary 
boom sprayer was used in this orchard. 

Orchard 3 (Yo-Yo, a Hale type peach) 
had over 50 per cent wormy fruit in1946. 
It was an isolated orchard of six acres 
which was divided into two blocks of three 
acres each. The sprays were applied with 
two four-nozzle brooms. 

Orchard 4 (Elberta) had a moderate 
infestation of curculios in 1946. The sprays 
were applied with a Speed Sprayer. 

Orchard 5 (Elberta) had over 50 per 
cent wormy fruit in 1946 and 60 per cent 
in 1947. This is an isolated orchard of 
approximately 5 acres which was not 
sprayed during 1946 or 1947. 

Peach drops were picked up regularly 
in Orchards 1, 2, and 4, but they were 
not picked up in Orchards 8 and 5. 





Fic. 1.—Stationary boom sprayer, 
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Table 3.—Sprays used in test orchards 1947. 
Or- : AREA 
CHARD BLock AND SIZE MATERIALS PER 100 GAL. Dates APPLIED SPRAYED 
1  Lead—25 acres Cryolite—4 Ibs. 4/12; 4/16 Outs sows 
Acid lead arsenate—? lbs.; 4/21; 4/29; 6/20 Entire block 
Sulfur; safeners! 
1 Benzene hexachloride Cryolite—4 Ibs. 4/12; 4/15 Outside oe. 
—25 acres 
Benzene hexachloride—4 lbs.; 4/21; 4/28 Outside rows 
Sulfur—6 Ibs. 
Benzene hexachloride—4 lbs.; 4/17; 4/25; 5/1 Entire block 
Sulfur—6 lbs. 
Acid lead arsenate—2 lbs.; 6/20 Entire block 
Sulfur; safeners! 
1 Benzene hexachloride Cryolite—4 .lbs 4/12; 4/15 Outside rows 
—25 acres (Ist Brood 
only) Benzene hexachloride—4 lbs.; 4/21; 4/28 Outside rows 
Sulfur—6 lbs. 
Benzene hexachloride—4 lbs.; 4/17; 4/25; 5/1 Entire block 
Sulfur—6 Ibs. 
2 Lead—1 acre Cryolite—4 lbs. 4/10 Outside rows 
Basic lead arsenate—4 lbs.; 4/12; 4/22; 4/30; Entire block 
Sulfur; safeners? 6/10 
2 Benzene hexachloride Cryolite—4 lbs. 4/10 Outside rows 
—70 acres 
Benzene hexachloride—4 lbs.; 4/15 Outside rows 
Sulfur—6 lbs. 4/16; 4/22; 4/30; Entire orchard 
6/10 
3 Lead—3 acres Cryolite—4 Ibs. 4/5 Entire block 
Acid lead arsenate—2 lbs.; 4/12; 4/19; 4/26; Entire block 
Sulfur—6 Ibs.; hydrated lime 6/24 
—6 lbs. 
3 Benzene hexachloride Cryolite—4 Ibs. 4/5 Entire block 
—8$ acres 
Benzene hexachloride—4 lbs.; 4/12; 4/19; 4/26; Entire block 
Sulfur—6 Ibs. 5/3; 6/24 
4 Lead—1 acre Benzene hexachloride—3 lbs. 4/16 Entire block 
Acid lead arsenate—2 lbs.; 4/17; 4/25; 5/2; Entire block 
Sulfur—6 lIbs.; hydrated lime 6/15 
—10 lbs.; zine sulfate—4 lbs. 
4 Benzene hexachloride Benzene hexachloride—3 Ibs.; 4/16; 4/22; 5/1; Entire block 
—5 acres Sulfur—6 lbs. 6/15 
5 Check—5 acres None 
1 Prepared by the Taylor Chemical Company, Aberdeen, North Carolina. 
2 Prepared by the Niagara Sprayer and Chemical Company. 

Records were secured of the number of them onto a sheet under the tree and 
curculios entering Orchards 1, 2, and 5 counting the number collected. A portion 
(Tables 4 and 5), and occasional records of each of 5 trees was jarred each time 
were taken on Orchards 3 and 4. Counts’ the records were taken from which the 
of curculios were obtained by jarring average number of curculios per tree was 
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computed. In tables 4 and 5 (Orchards 
1, 2, and 5) it will be noted that the lead 
and benzene hexachloride blocks started 
the 1947 season with approximately the 
same population and that the population 
of curculios remained about the same in 
all blocks, with the exception of the 
checks, throughout the season. The check 
in each table represents Orchard 5 which 
was not sprayed. Sufficient records were 
taken in Orchards 3 and 4 to show that 
populations were similar in each block of 
both orchards at the beginning of the 
season. 


Table 4.—A comparison of acid lead arsenate 
and benzene hexachloride in curculio control. 
Orchard No. 1. 








Averace NumBer CurcuLio per TREE 











Acid Lead Benzene 
Arsenate Hexachloride 
10th 10th 
Date Edge Row Edge Row Check 

4- 9-47 33 _ 36 5 12 
4-18-47 9 3 12 12 14 
4-25-47 12 3 24 3 52 
4-29-47 8 1 a + 22 
5- 6-47 3 A 0 1 16 
5-16-47 2 1 4 4 10 
6-18-47 2 } 0 0 2 
6-24-47 1 ; 0 } ae 
7- 2-47 0 0 1 0 _ 
7-10-47 i 0 0 0 _ 
7-18-47 4 4 1 0 
7-22-47 0 0 0 0 1 
9-17-47 0 0 0 0 6 





Table 5.—A comparison of basic lead arsenate 
and benzene hexachloride in curculio control. 
Orchard No. 2. 








AveraGe NuMBER CurcuLio per TREE 











Basic Lead Benzene 
Arsenate Hexachloride 
10th 10th 
Date Edge Row Edge Row Check 

4- 9-47 + _ 5 _ 12 
4-18-47 5 2 + 7 14 
4-24-47 4+ 3 7 1 52 
4-29-47 6 2 5 3 22 
5- 6-47 1 1 2 4 16 
5-16-47 1 } 2 0 10 
6-24-47 0 0 0 0 2 
7- 2-47 ; 0 1 0 _ 





From fig. 2 it will be noted that the 
percentage of wormy drops was two to 
four times as great in the lead blocks as in 
the benzene hexachloride blocks even 
though the adult curculio populations 
were approximately equal. The number 
of wormy drops was usually greater along 
the outside row than they were 10 rows 
in from the edge. 

Wormy Fruit at Harvest.—Though 
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25 acres of Orchard 1 did not receive a 
month-before-harvest spray, there was 
never more than 2 per cent wormy fruit 
found in any sample of peaches. The per- 
centage of wormy fruit for the entire 
harvest period averaged less than 1 per 
cent in the benzene hexachloride blocks 
and only 1.5 per cent in the lead block. 
Orchard 2 also had less than 1 per cent. 
Orchard 3 had 1 per cent wormy fruit in 
the benzene hexachloride-treated area and 
6 per cent in the lead-tredted area. 
Orchard 4 had less than 1 per cent in 
both blocks. The check orchard (5) had 
60 per cent wormy fruit. Orchard 3 had 
more wormy fruit at harvest than the 
other sprayed orchards probably because 
drops were not picked up in this orchard. 





Per Cent Wormy Drops 
) & te iS » 3 w & 
T 





BHC Edge 
Lead Edge 


Orchard 4 


BHC Edge 
Lead Edge 


Orchard 8 


BHC 10 Row. 
BHC Bdge 
Lead 10 Rows 
Lead Fuge 


Orchard 2 


BHC 10 Rows 
= BHC Bdge 
j Lead 10 Rows 

Lead Edge 

















Fic. 2.—A comparison of the per cent wormy drops 
when lead arsenate or benzene hexachloride was used 
on different orchards. 


Amount OF SprAY NeEcESSARY PER 
TrEE.—Benzene hexachloride proved very 
effective in controlling the plum curculio 
during the 1947 season when the growers 
used 3 to 4 gallons of spray per tree. 
This amount of spray was sufficient thor- 
oughly to drench the tree and cause a 
heavy enough drip to wet the soil under 
the tree. Some of the grower did not spray 
heavily. This is probably the reason they 
were not satisfied with results from 
benzene hexachloride. From field observa- 
tions it appears necessary to have the soil 
as well as the tree wet thoroughly with 
benzene hexachloride spray. The curculios 
leave the tree by crawling down the limbs 
and the trunk to the ground soon after 
it is sprayed. If the ground also has suffi- 
cient spray material, the curculios will be 
forced to remain in contact with the poi- 
son, whereas if insufficient material is 
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applied, they are able to move to the 
ground and out of the effective zone of 
spray material. The material is effective 
on the ground because it seems to serve 
as both a contact and a fumigant against 
the plum curculio. 

Fiavorinc oF Fruit.—During the 
1946 season there was considerable con- 
troversy as to the effect of benzene hexa- 
chloride on the flavor of peaches. It was 
noted that benzene hexachloride caused 
the peaches to have a musty flavor if 
used too near harvest. The benzene hexa- 
chloride on the market in 1947 did not 
have as much musty odor and it was 
hoped that it would not taint the fruit 
as in 1946. To check this point, some trees 
were sprayed within 4 or 5 days before 
harvest, and in most cases it was not pos- 
sible to detect any off-flavor in the ripe 
peaches. A more concentrated form of 
benzene hexachloride containing 25 per 
cent gamma! was used 2 days before har- 
vest without causing any detectible flavor 
in the ripe peaches. 

There is a possibility that benzene hexa- 
chloride or some component part may not 
be noticeable in the flavor of ripe peaches 
when eaten fresh but may be noticeable 
in fruit which has been canned. This off- 
flavor was suspected in fruit that was 
canned in 1946. Therefore, in 1947, fruit 
was canned from trees receiving five ap- 
plications of benzene hexachloride, the 
last application being one week before 
harvest. This was compared with fruit 
which had received five applications. of 
lead arsenate. As stated above, there was 
no detectible difference in the flavor of the 
ripe fruit at harvest but after canning the 
fruit from the benzene hexachloride block 
was slightly off-flavor. This flavor can 
best be described as being a mild almond 
flavor similar to that obtained when peach 
kernels are included with fruit in the nor- 
mal process of canning. 

HexartHyL TEeTrRAPHOSPHATE.—Hex- 
aethyl tetraphosphate was originally dis- 
covered in Germany and the proprietary 

‘product containing this material was 
known as Bladan. The material first ap- 
peared in the United States late in 1945. 
In 1946 several of the insecticide com- 
panies were manufacturing small quanti- 
ties, and experimental work indicated 
promise in the control of aphids and mites. 


1 Furnished by the as S Chemical Company under 
the trade name of Isotoz. 1g 
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In April, 1947, some of this material 
was obtained? and preliminary tests 
against the plum curculio in the labora- 
tory were very promising. On April 25 a 
formulation containing 50 per cent hexa- 
ethyl tetraphosphate’ diluted at the rate 
of two quarts to four and one-half gallons 
of water was applied to some peach trees 
with a TIFA‘ fog machine. This was 
applied with a large particle size (about 
40 microns) at the rate of approxi- 
mately 3 gallons of diluted mixture per 
acre. This is equivalent to approxi- 


Table 6.—Summary of tests with 100 per cent 
hexaethyl tetraphosphate on peaches April 25 to 
May 8, 1947. 




















AveracE No. 
| Approxi- | CURCULIOs PER 
} MATE TREE 
AMOUNT |- —— 
| Hexaeruy. Be- | 12 to 24 
Terra- | fore | Hours 
MeruHop or Date | PHOSPHATE | Treat-| After 
APPLICATION Treated | PER Acre | ing | Treating 
Fog machine | 4/25/47 | 1500 ce. | 16 | 0 
| | 
Airplane! | 4/27/47 | 250cc. | 2 | 4 
Airplane 4/28/47 | 250cce. | ? | 1.5 
Fog machine 4/29/47 800 ce. $0 | 6 
Fog machine 4/30/47 1000 ec. 20 | 3 
Airplane 5/ 1/47 750 ce. a7 | 9 
Fog machine 5/ 1/47 1600 ce. 14); 0 
Airplane 5/3/47 | 750cce. | 12 6 
Airplane 5/ 6/47 750 cc. 16 6 
Airplane 5/ 6/47 1000 ce. 3 1 
Fog machine 5/ 6/47 500 cc. 12 6 
ar on ground ma- | 5/ 8/47 1000 cc.? 8 + 
chine 
Buffalo Turbine 5/ 8/47 1000 cc. 8 $.5 
2-Nozzle Hand Gun | 5/ 8/47 1000 cc.? 18 3 
Airplane 5/16/47 750 ce. ? 3 
Airplane 5/16/47 1500 ce. 18 0 

















1 Airplane had fog-type applicator. 
2 Material diluted 1-800. 


mately three pints 100 per cent hexaethyl 
tetraphosphate per acre. Before the trees 
were treated they had an average infesta- 
tion of 16 curculios per tree. Twelve hours 
after treating, 15 trees were jarred with- 
out finding any living curculios. 
Hexaethyl tetraphosphate applied by 
airplane with a fog type applicator’ gave 
results quite similar to those obtained with 
the fog machine. Tests were also con- 
ducted in the field using hexaethy] tetra- 
phosphate with a conventional ground 
machine with 2-nozzle guns and also with 


* Furnished by the Monsanto Chemical Company. 
3 Prepared by the Organic Chemicals Corporation, Frederick, 


land, 
Meheid Insecticidal Fog Applicators. 
§ The United Crop Dusters, Candor, North Carolina. 
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a Buffalo Turbine. The results of some of 
these tests are tabulated in Table 6 and 
indicate that for satisfactory control of 
the plum curculio it is necessary to use 
approximately 1500 cc of 100 per cent 
hexaethyl tetraphosphate per acre re- 
gardless of the way it is applied. 

Hexaethyl tetraphosphate is known to 
be very injurious to warm-blooded ani- 
mals, and several reports were received of 
individuals feeling a tightness in breath- 
ing or a constriction in the chest when 
they came in contact with vapors from the 
fog machine or airplane. 

Although the material will kill the plum 
curculio, it is doubtful that it will ever 
have an important role in a curculio con- 
trol program. The toxic effects are im- 
mediate with no residual value, and plum 
curculios coming into the orchard the day 
after application could attack the fruit. 
Moreover, the material may injure the 
foliage. For these reasons it is unlikely 
that it will be used in the plum curculio 
control program in North Carolina. 

CHLORINATED CAMPHENE.‘—On April 
17, 1947, an experiment comparing the 
effectiveness of a chlorinated camphene 
(4 pounds of 29 per cent material per 100 
gallons of water) and benzene hexachlo- 
ride (6 per cent gamma) at two and four 
pounds per 100 gallons was set up in an 
orchard at Candor, North Carolina. Eight 
rows next to the woods were sprayed 
with chlorinated camphene, the next 
two with benzene hexachloride (2 pounds), 
and four rows with benzene hexa- 
chloride (four pounds). The four rows 
beyond the benzene hexachloride plot 
were not sprayed. Spraying was done with 
a power sprayer using 3-nozzle brooms at 
about 400 pounds’ pressure. 

Before spraying, the average number of 
curculios per tree was fairly uniform as in- 
dicated in table 7. However, the popula- 
tion dropped very rapidly where benzene 
hexachloride was used at the rate of 4 
pounds per 100 gallons. The chlorinated 
camphene decreased the population as 
much as, or more than, the 4 poun s of 
benznee hexachloride, but required a 
slightly longer time. Benzene hexachloride 
at 2 pounds per 100 gallons did not re- 
duce the population as much nor as fast 
as did the benzene hexachloride at four 
pounds, or the chlorinated camphene. 


1 Chlorinated camphene was supplied by Hercules Powder 
Company. 





Fie. 3.—Cryolite injury on smal] peaches which re- 
ceived a delayed petal fall spray. 


TREE INJuRyY.—No injury was observed 
on any trees sprayed with benzene hexa- 
chloride even though some trees were 
sprayed six times. The foliage remained 
on the trees until frost and retained a 
dark green color 

Peaches sprayed with cryolite showed 
very severe injury on May 26, 1947 at 
Raleigh, North Carolina, after having re- 
ceived four applications. The weather had 
been very dry until the fourth spray at 
which time it turned stormy for several 


Table 7.—A comparison of chlorinated cam- 
phene with 2 and 4 pounds of benzene hexa- 
chloride (6 per cent gamma). Trees sprayed 
4-17-47. 








AVERAGE NUMBER CURCULIOS PER TREE 











Benzene 
Chlori- Hexachloride 
nated 
Date Camphene 2Lbs. 41bs. Check 
4-17-47 22 20 18 — 
4-18-47 19 16 3 —_ 
4-21-47 3 8 2 16 
4-25-47 1 6 2 12 
4-29-47 + 7 6 — 





days. The leaves on these trees showed 
considerable burning especially along the 
margins. Golden Jubilee peaches which 
ripened about July 12 were a complete loss 
because they turned soft and mushy and 
did not have any flavor. This was defi- 
nitely cryolite injury because adjacent 
trees sprayed with benzene hexachloride, 
lead arsenate, or chlorinated camphene 
did not show these symptoms. On October 
3, there was less than 10 per cent defolia- 
tion on the cryolite sprayed trees, byt the 
leaves were yellowish to orange whereas 
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the leaves on the benzene hexachloride 
and chlorinated camphene blocks were 
dark green. Some of the yellowish-orange 
color may have been caused by an in- 
festation of mites' which was especially 
heavy on the cryolite-sprayed trees. 

Cryolite also caused some injury to 
peaches where it was used only as a petal 
fall spray. The injury first appeared as a 
burning of the tip of the fruit. This re- 
tarded the growth of the tip of the peach, 
and at harvest time they appeared some- 
what flattened or even dimpled at the tip. 
Figure 3 shows some of the variation in 
cryolite injury on the small fruits. 

Trees at Raleigh which received five 
applications of acid lead arsenate were 
completely defoliated by October 3, A few 


Fic. 4.—Hexaethyl tetraphosphate injury 
on peach leaves. 


new leaves were growing at the terminals 
and a few blossoms were open on the tree. 
Severe injury could also be seen on the 
wood. Trees in the Sand Hills which re- 
ceived only one application of acid lead 
arsenate June 20 (month before harvest 
spray) showed nearly as much injury as 
trees which had received the usual lead 
' 


1 Paratetranychus pilosus (C. & F.) Det. by Dr. E. W. Baker. 
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arsenate sprays throughout the season. 

Trees which received five applications 
of basic lead arsenate were about 75 per 
cent defoliated on October 3. Injury to 
the wood was not nearly as severe as on 
the trees receiving the acid lead sprays. 
Commercial orchards which were sprayed 
with basic lead arsenate also showed less 
injury than commercial orchards sprayed 
with acid lead arsenate. 

The injury from hexaethyl tetraphos- 
phate first appears on leaves and fruit as 
minute reddish or purplish spots. These 
spots may vary from pin points to the size 
of a match head. On leaves the center 
tends to drop out of the larger spots giv- 
ing the leaves a shot-hole appearance, 
figure 4. Where the material was applied 
by the fog machine the injury showed up 
most severely on the leaves which were 
nearest to the nozzles. In the case of air- 
plane application most of the injury oc- 
curred on the topmost leaves. With ground 
machine application, the spots occurred 
throughout the tree. It was also observed 
that the injury was more severe and more 
noticeable on weak and poorly cared for 
trees than on vigorous and well cared for 
trees. 

Injury from chlorinated camphene was 
observed on the leaves four days after the 
trees were sprayed at Candor, North 
Carolina. It appeared as a burning es- 
pecially around the marging of the leaves. 
A general yellowing of the leaves was also 
observed. Within a week after application, 
many of the leaves had dropped off. This 
same material was used in sprays at 
Raleigh but with wettable sulfur included 
at the rate of 6 pounds per 100 gallons. 
As no injury was apparent on_ these 
trees, additional trees were sprayed at 
Raleigh using chlorinated camphene with- 
out sulfur and the same type of injury 
appeared as was observed on trees at 
Candor. 

At Raleigh, the chlorinated camphene 
was used at the rate of 4 and 8 pounds of 
the 29 per cent material per 100 gallons 
plus 6 pounds of wettable sulfur. Starting 
with the petal fall spray four applications 
were made at weekly intervals and a fifth 
application was applied one month before 
harvest. No injury was observed on any 
trees sprayed with the chlorinated cam- 
phene where wettable sulfur was included 
and they retained their foliage until frost. 
At harvest time the fruit of Golden 
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Jubilee, Hiley Belle, Belle of Georgia, and 
Elberta appeared to be in excellent con- 
dition. 

SuMMARY.—The majority of the plum 
curculios hibernate in the debris within 
50 feet of the edge of the woods surround- 
ing the peach orchards. Burning of this 
debris during the winter kills many of the 
curculios, but apparently it does not kill 
enough to permit any reduction in the 
amount of spraying that is necessary. 

Benzene hexachloride gave good control 
of the plum curculio when used at 4 
pounds (6 per cent gamma) per 100 gal- 
lons and 3 to 4 gallons of spray per tree. 
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One 25-acre block was cleaned up so 
thoroughly that the 1-month-before-har- 
vest spray was not necessary. Benzene 
hexachloride caused an off-flavor in canned 
peaches (5 applications, last application 
one week before harvest). However, no 
off-flavor was detected in the fresh fruit. 

Chlorinated camphene shows promise 
in controlling plum curculios but wettable 
sulfur must be used as a safener with this 
material. 

Cryolite, lead arsenate, and hexaethyl 
tetraphosphate caused injury to the peach 
trees, leaves, and fruit. 
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Control of Plum Curculio with Benzene Hexachloride’ 


L. A. Stearns and J, C, WARREN,’ University of Delaware, Newark 


General interest on the part of Dela- 
ware farmers in the insecticidal possibili- 
ties of benzene hexachloride, stimulated 
by the encouraging findings reported dur- 
ing 1946, prompted studies in 1947 to 
establish better its place among recently- 
developed toxicants of potential value as 
controls for many pests damaging fruit 
and vegetable crops. This paper deals 
only with the results of tests on peaches 
involving the plum curculio, Conotrachelus 
nenuphar (Hbst.). 

This insect, some 20 years ago, was 
responsible for heavy losses in Delaware. 
Subsequently, by reason of the widespread 
application of several control measures 
which supplement spraying, its popula- 
tion was greatly reduced and codling 
moth, Carpocapsa pomonella (L.), became, 
then, the chief problem confronting local 
growers. Now, after a period of decidedly 

Eastern Branch Program. 

‘ Published as Miscellaneous Paper No. 35, with the approval 
of the Director of the Delaware Agricultural Experiment Station. 
Publication 215 and Scientific Article 187 of the Department of 
Entomology, November 7, 1947. 


_? Research Professor, Entomology, and Temporary Assistant 
Entomologist, respectively. 


less intensive effort against curculio and 
with DDT apparently an adequate solu- 
tion in the case of codling moth, the pen- 
dulum of concern has swung again to 
curculio. Thus, it happened that in the 
spring of 1947 the following question was 
very frequently encountered—Will ben- 
zene hexachloride prove effective against 
curculio? The tests reported herein were 
an attempt to supply an answer. 
EXPERIMENTAL OrcHARD.—A middle- 
aged block of peaches in a commercial 
planting in northern New Castle County 
was made available’ for this work. It was 
rectangular in shape, 8 by 23 rows; the 
trees had been set 22’ by 22’; the tree 
spread, for 48 trees measured on June 5, 
averaged 20’ by 18’; and it included three 
rows of the Georgia Belle and five rows of 
the White Hale variety. The cooperating 
orchardist, with intent to reduce arsenical 
injury, has regularly used basic lead 
arsenate for curculio control. Accordingly, 
three plots were established across the 


3 By Mr. J. C. Webster. 
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two varieties—the first (11 by 8 rows), to 
be treated with basic lead arsenate; the 
second (6 by 8 rows; center), to be treated 
with benzene hexachloride'; and the third 
(6 by 8 rows), to be treated with acid lead 
arsenate. This arrangement provided a 
direct comparison of these three insecti- 
cides. Possible mid-season treatments 
against Oriental fruit moth were pur- 
posely omitted for the sake of clarity in 
results. The spray program is set forth in 
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13, 20, and 27 to determine infestation by 
first-brood curculio grubs; (3) leaf-fall 
counts for 9 square feet beneath 48 trees, 
16 in each plot, were taken on June 13, 27, 
July 3, 10, and 17; (4) the extent of twig 
injury by first-brood Oriental fruit moth, 
Grapholitha molesta (Busck), larvae was 
noted for the same 48 trees, 16 in each 
plot, on June 13; and (5) harvest records 
for six Georgia Belle and for six White 
Hale trees in each plot (total of 36 trees) 


Table 1.—Spray treatments, Georgie Belle and White Hale block, J. C. Webster peach orchard, 


near Wilmington, Delaware, 1947 








SPRAY 


Basic Leap ARSENATE! | Acip Leap ARSENATE? | BENZENE HexacHLoripe® 





Dormant 


10 gals.* Liquid Lime Sulfur (entire block) 





Pre-blossom 


12 Ibs. Flotation Sulfur (entire block) 





Petal Fall 


(recommended, generally, but omitted by this grower) 





8 lbs. Spray Lime 

4 lbs. Lead Arsenate 
10 Ibs. Flotation Sulfur 

0.5 lb. Sticker® 


Shuck (May 19) 


2 lbs. Zinc Sulphate® 

8 lbs. Spray Lime 

2 lbs. Lead Arsenate 
10 Ibs. Flotation Sulfur 

0.5 lb. Sticker 


3lbs. Benzene Hexachlo- 
ride 
10 lbs. Flotation Sulfur 
0.5 lb. Sticker 





7 Days Later (May 26) 


3lbs. Benzene Hexachlo- 
ride 





14 Days Later (June 2) 8 lbs. Spray Lime 
4 lbs, Lead Arsenate 


10 lbs. Flotation Sulfur 








2 Ibs. Zinc Sulphate 

8 lbs. Spray Lime 

2 lbs. Lead Arsenate 
10 lbs. Flotation Sulfur 


3 lbs. Benzene Hexachlo- 
ride 
10 Ibs. Flotation Sulfur 








(followed by three sulfur sprays over entire block for protection of maturing crop from brown rot) 





1 Basic lead arsenate—Niagara. 

2 Acid lead arsenate—Grasselli. 

3 Lexone—duPont (Grasselli) benzene hexachloride. 
4 All rates per 100 gallons of water. 

5 Monohydrated zinc sulphate—Southern States. 

6 Spraysoy—a soybean product of the Glidden Co. 


detail in table 1. The sprayer was a 500- 
gallon, power-take-off unit. A_ single- 
nozzle gun, operated from the tractor, was 
used to cover the lower parts of the trees 
and an eight-nozzle broom, from the tank, 
the tops. Applications, by the usual farm 
labor, were made from both sides of the 
rows. 

Recorps.—Control data, as summa- 
rized in table 2, were recorded as follows: 
(1) 18 White Hale trees in the same row, 
six in each plot, were jarred on May 28, 
June 5, 13, 20, and 27 to collect over- 
wintered adult curculios; (2) random 
collections of 300 dropped peaches, 100 
in each plot, were made on June 2, 5, 


_ ! duPont Company product, a “50% hexachlorocyclohexane 
insecticide composition; gamma isomer of hexachlorocyclo- 
hexane, 6%; other isomers, 44%.” 


were completed from August 28 to Sep- 
tember 9, inclusive. 

Discussion.—It will be noted first, in 
table 2 that a total of 505 overwintered 
adult curculios were collected by jarring 
in the basic lead arsenate plot; 245, in the 
acid lead arsenate plot; and but 116, in the 
benzene hexachloride plot. The popula- 
tion in the case of benzene hexachloride 
was 53 per cent less than that with acid 
lead and 77 per cent less than that with 
basic lead. The numbers of the insect 
were consistently high week after week 
(data in lower third of table) in the por- 
tion of the block treated with basic lead 
and consistently negligible in the central 
section sprayed with benzene hexachlo- 
ride. 

Infestation of small peaches appears to 
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Table 2.—Summary of control data, J. C. Webster peach orchard, near Wilmington, Dela- 
ware, 1947, showing comparison of basic arsenate of lead, acid arsenate of lead and benzene 








































































































hexachloride. 
Basic Leap = Act LEap BENZENE 
Irems CoMPpARED ARSENATE Arsenate HeExacHLonipE 
Number, Curculios collected by jarring Belle! 
Hale? 505 245 116 
‘ =! Both 
Per cent, dropped peaches infested by grubs Bebe 
le 
1984 Both 78 56 1 
Number, fallen leaves Belle 
Hale 
es. Both 1,541 2,137 989 
Number, twigs injured by first-brood Oriental fruit moth larvae 4 
al 
Both 177 73 56 
Number peaches Belle 6,536 9,091 9,782 
Hale 7,375 8,356 11,248 
Lite! RR eet Both 13,911 17,447 21,030 
Number dropped fruits (pre-harvest) Belle ee 1,078 2,193 
Hale 2,845 2,296 4,300 
1h Both 4,548 $,874  _—=—-5 498 
Per cent, dropped fruits (pre-harvest) Belle 26.1 11.9 22.4 
Hale 38.6 27.5 38.2 
Pasi Both $2.7 Sa ae 
Number, picked fruits Belle 4,833 8,013 7,589 
Hale 4,530 6,060 6,948 
Rds BA Meas ee Both __ 9,363 14,073 14,537 
Number, peaches per bushel Belle 251 250 281 
Hale 179 190 221 
pac Rem pniiiece > 5 yn Both 815 oe 
Number, clean peaches in dropped and picked fruits Belle 5,591 8,328 7,978 
Hale 5,026 0 7,598 
Mies! 4 ' Both 10,617 15,872 15,576 
Per cent, clean peaches in dropped and picked fruits Belle 85.5 91.6 81.6 
Hale 68.1 83.4 67.5 
PPR ower x Sesrel tal NY be Tih + Both 76.3 er heen cae 
Number, curculio-injured peaches in dropped and picked fruit Belle 148 54 178 
Hale lll 152 193 
Pass She OS. 4, sauce Both 259 | pS 
Per cent, curculio-injured peaches in dropped and picked fruit Belle 2.3 0.6 1.8 
Hale 1.5 1.8 1.7 
SERFS. MRCS “TE oY aoe! FOR S| 1.9 1.2 Umm E 
Number, Oriental fruit moth-injured peaches in dropped and picked Belle 635 600 1,475 
fruit Hale 1,426 700 2’ 102 
és agama TS id Ae 1,300 _ 30 
Per cent, Oriental fruit moth-injured peaches in dropped and picked Belle 9.7 6.6 15.1 
fruit Hale 19.3 8.4 18.7 
dll Both _ _ 14.8 en ee 
Number, brown rot-injured peaches in dropped and picked fruit Belle 180 124 199 
Hale 1,135 563 1,750 
ME Mabais Sarciad PAA AE ides Colne MS hua Both _ 1,816 6371989 
Per cent, brown rot-injured peaches in dropped and picked fruit Belle 2.8 1.4 2.0 
Hale 15.4 6.7 15.6 
Both 9.5 3.9 9.3 
Number curculio and Oriental fruit moth-injured peaches with Belle 18 15 48 
brown rot Hale 334 103 395 
Both 352 118 “43 
Per cent curculio and oriental fruit moth-injured peaches with Belle 4.0 4.0 4.5 
brown rot Hale 14.8 9.0 12.1 
Both 13.0 7.8 10.2 
ApvULTs | Pracu Drops ApvuLts | Peacu Drops ApuLTs Peacn Drops 
JaRRING AND Drop PER TREE INFESTED per TREE INFESTED per TREE INFESTED 
EXAMINATION Dates 
| Number | Per Cent | Number Per Cent Number | Per Cent 
May 28 23.2 0.0 
June 2 | 87 1 
5 21.7 | 72 1.8 | 2 
13 23.38 | n. s 68 4.5 2 
20 12.3 } 40 7.7 1 
27 7H 13 5.4 1 
Average | 17.4 } 78 | 8.4 | 56 4.0 | 1 





! Belle of Georgia. 


2 White Hale. 


be directly correlated with adult abun- 
dance. As high as 78 per cent of all peaches 
which dropped during June in the basic 
lead plot, contained first-brood curculio 


grubs; 56 per cent, in the acid lead plot; 
and but 1 per cent in the benzene hexa- 
chloride plot. On June 5, when the heav- 
iest drop was taking place, the percentages 
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were 93, 72, and 2, respectively. This 
amounts to almost complete control with 
benzene hexachloride. Basic lead arsenate 
(at 4 lbs. per 100 gals.) was definitely in- 
ferior to acid lead arsenate (at 2 lbs per 
100 gals.). 

The foliage situation with benzene hexa- 
chloride was very satisfactory throughout 
the summer; leaf-fall was 36 per cent less 
than with basic lead and 54 per cent less 
than with acid lead. 

The influence of these treatments on 
the activity of first-brood Oriental fruit 
moth larvae shows the same general trend 
as observed in curculio control. A total of 
177 injured twigs (11.1 per tree) was re- 
corded for basic lead; 73 (4.6 per tree), 
for acid lead; and 56 (3.5 per tree) for 
benzene hexachloride. These figures are of 
doubtful significance, however, by reason 
of the light early-season infestation and, 
furthermore, they may be viewed as in- 
consistent with the harvest results. 

As might be expected from the curculio- 
control data, the 12 count trees in the 
benzene hexachloride plot produced a 
crop totalling 21,030 peaches; those in 
the acid lead plot, 17,447 peaches; and 
those in the basic lead plot, but 13,911 
peaches. 

Weather conditions in 1947 were such 
as to delay maturity about 10 days. As a 
result, there was a heavy pre-harvest 
drop, opportunity for greater damage by 
late Oriental fruit moth larvae, and con- 
siderable brown rot infection—more pro- 
nounced, naturally, in the case of White 
Hale which was picked last. 

Irrespective of varieties (and limiting 
the discussion at this point to benzene 
hexachloride and acid lead arsenate, since 
basic lead arsenate is neither recom- 
mended nor commonly used on peaches 
in Delaware), the following conclusions 
may be drawn from the harvest data: 
(1) the pre-harvest drop was much greater 
with benzene hexachloride (31 per cent vs. 
19 per cent); (2) the peaches were some- 
what smaller with benzene hexachloride 
(251 vs. 220 per bushel); (3) the amount 
of clean fruit was less with benzene hexa- 
chloride (74 per cent vs. 88 per cent); (4) 
there was no difference between benzene 
hexachloride and acid lead in the percent- 
age of curculio-injured peaches (did not 
exceed 2 per cent in either case); (5) the 
loss from Oriental fruit moth was more 
severe with benzene hexachloride (17 per 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 41, No. 2 


cent vs. 7.5 per cent); and (6) brown rot 
infection was higher with benzene hexa- 
chloride (9 per cent vs. 4 per cent). It is 
worthy of note here that only 11 per cent 
(average for the block) of the recorded 
brown rot was associated with injury by 
curculio and Oriental fruit moth. 

SumMary.—lIn tests conducted .during 
1947 in an 8-year-old planting of Georgia 
Belle and White Hale peaches in northern 
Delaware, basic lead arsenate, acid lead 
arsenate and benzene hexachloride were 
compared for control of plum curculio on 
the basis of three sprays applied on May 
19, May 26, and June 2. The population 
of overwintered adult curculios in the 
case of benzene hexachloride was 53 per 
cent less than that with acid lead and 
77 per cent less than that with basic 
lead. 

Only one per cent of all peaches, which 
dropped during June in the benzene hexa- 
chloride plot, contained first-brood cur- 
culio grubs, whereas a 56 per cent infesta- 
tion was recorded in the acid lead plot and 
as high as 78 per cent in the basic lead 
plot. 

The foliage situation with benzene 
hexachloride was very _ satisfactory 
throughout the season; leaf-fall was 36 
per cent less than with basic lead and 54 
per cent less than with acid lead. 

In full agreement with the curculio- 
control data, the count trees of the ben- 
zene hexachloride plot produced a crop 
totalling 21,030 peaches; those in the 
acid lead plot, 17,447 peaches; and those 
in the basic lead plot, but 13,911 peaches. 

However, weather conditions were such 
as to delay maturity about 10 days. As a 
result, there was a heavy pre-harvest 
drop, opportunity for greater damage by 
late Oriental fruit moth larvae, and, con- 
siderable brown rot infection—more pro- 
nounced in the case of White Hale which 
was picked last. 

The harvested crop, as affected by the 
factors just stated, showed 88 per cent 
of the peaches uninjured by insects and 
free from disease in the case of acid lead 
arsenate; 76 per cent, in the case of basic 
lead arsenate; and 74 per cent in the case 
of benzene hexachloride. In other words, 
the considerable balance established in 
favor of benzene hexachloride early in 
the season was more than offset by com- 
plications directly attributable to de- 
layed ripening of the varieties in question. 
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Benzene Hexachloride and DDT to Control 
Plum Curculio 


J. M. Grayson,! Virginia Agricultural Experiment Station, Blacksburg 


The work reported herein consists of 
field and laboratory experiments with 
benzene hexachloride as a spray, and field 
and laboratory applications of benzene 
hexachloride and DDT to soil, for con- 
trolling the plum curculio. The study was 
conducted because of the urgent need for a 
satisfactory control of the plum curculio 
on peaches and the promising results 
which were obtained in early experiments 
by Bobb (1946) and others? with benzene 
hexachloride for controlling this insect. 

The benzene hexachloride treatments 
in the spray tests were prepared from a 
wettable commercial formulation stated 
to contain 6 per cent of gamma isomer 
and 44 per cent of other isomers, and for 
the soil applications they were prepared 
from a dust reported to contain 10 per 
cent of concentrate (all isomers) and ap- 
proximately 3 per cent of gamma isomer. 
A stock material containing 25 per cent 
wettable DDT dust was used in making 
the DDT soil treatments. 

Fretp Spray ExpermMent.—An ex- 
periment for control of the plum curculio 
was conducted in a peach orchard near 
Cloverdale, Virginia. It was designed to 
compare the effectiveness of benzene 
hexachloride, at different concentrations 
and from different numbers of applica- 
tions, with the standard acid lead arsenate 
spray. The treatments applied are shown 
in table 1. A plot size of 2 trees was em- 
ployed and the treatments were replicated 
5 times in a latin square design. The de- 
sign provided for buffer strips 1 or 2 trees 
wide on all sides of the treated area and 1 
tree wide between rows and columns. These 
buffer trees were sprayed with 4 pounds 
of basic lead arsenate and 4 pounds of 
hydrated lime per 100 gallons of spray. 
All sprays were applied from a 2-nozle 
spray gun connected with a power sprayer. 
The results were determined by picking 
up the drop peaches at intervals of 4 to 
10 days and placing them in a basket sus- 
pended over a funnel leading into a fruit 
jar. Counts were made of the larvae after 

Eastern Branch. 


_ | The assistance of Miss N. V. Sibold in one phase of the study 
is acknowledged. 


they emerged from the fruit and fell into 
the jars.” 

The results are shown in table 1. The 
data were analyzed by the analysis of 
variance after first being subjected to a 
mathematical transformation. The aver- 
age number of worms obtained from 4 ap- 
plications of benzene hexachloride at a 
rate of 0.05 pound of gamma isomer per 
100 gallons of spray was significantly less 
(P<.05) than the average number ob- 
tained from 3 applications of the standard 
acid lead arsenate spray. As the concen- 
trations of benzene hexachloride were in- 
creased the resulting reductions in num- 
bers of worms followed a definite linear 
trend downward, with the difference be- 
tween the concentrations of 0.05 and 0.20 
pound of gamma isomer per 100 gallons 
of spray being greater than required for 
significance at a probability of 5 per cent. 
There was no significant difference (P> 
.05) between 2 and 4 applications of ben- 
zene hexachloride. 

Although the basic lead arsenate treat- 
ment was not included as a regular plot 
in the experimental design, the number of 
worms obtained from 10 trees treated 
with this material was determined in the 
same way as described for the planned 
treatments. An average of 49.0 worms per 
tree was obtained as compared to an 
average per tree of 26.8 for the acid lead 
arsenate treatment. 

LABORATORY SpRAY EXPERIMENT.— 
The purpose of the laboratory spray test 
was to compare the effectiveness of the 
standard acid lead arsenate spray with dif- 
ferent rates of benzene hexachloride in 
killing the adults of the plum curculio. 
One treatment consisted of 2 pounds of 
acid lead arsenate, 6 pounds of hydrated 
lime, and 3 pounds of flake zinc sulphate 
per 100 gallons; the other 5 treatments 
consisted of benzene hexachloride at con- 
centrations of 0.05, 0.10, 0.20, 0.40 and 
0.80 pound of gamma isomer, with 1 pint 
of spreader-sticker, per 100 gallons. 

All sprays were applied with a 4-gallon, 

2 J. O. Pepper and C. F. Smith in the Proceedings of the 23rd 


Annual Meeting of the Cumberland-Shenandoah Fruit Worker's 
Conference, 1946. 


231 





232 


compressed-air sprayer. The procedure 
consisted of spraying peach twigs with 
each of the treatments until the foliage 
was thoroughly wet, allowing the twigs to 
dry, and then placing them in a 11 by 11 
by 14-inch cage. The cut ends of the twigs 
were kept in water to ensure the leaves 
remaining in good condition during the 
period of observation. Twenty-five adult 
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hexachloride per 100 gallons calculated to 
kill 50 per cent of the adult curculios at 
the end of 2-, 4-, and 8-day intervals, 
respectively, were as follows: 0.320, 
0.233, and 0.174 pound of gamma isomer. 
Similarly, from 0.779 to 0.816 pound of 
gamma isomer per 100 gallons was the 
amount calculated to kill 95 per cent of 
the beetles within a period of 4 to 8 days. 


Table 1.—Results of the application of different sprays for control of the plum curculio on peaches, 


Cloverdale, Virginia, 1947. 








PEACHES PER TREE 


MATERIAL AND AMOUNT 
PER 100 GALLONS! 


DATES OF 
APPLICA- 
TION 


NUMBER 
OF 
REPLIca- 
TION 


(AVERAGE OF 10 
TREEs) 


AVERAGE Worms 
PER TREE 





Drops On Tree? 


Number 


Log. (Y+1) 





April 22 5 
April 29 
May 12 


Lead arsenate, 2 pounds 
Hydrated lime, 6 pounds 
Flake zinc sulphate, 3 pounds 


259.3 835.0 26.8 1.3343 





April 22 
April 29 
May 5 
May 14 


Benzene hexachloride, 
0.05 pound gamma isomer 


1010.0 





April 22 
April 29 
May 5 
May 14 


Benzene hexachloride, 
0.10 pound gamma isomer 





April 22 
April 29 
May. 5 
May 14 


Benzene hexachloride, 
0.20 pound gamma isomer 





April 29 
May 14 


Benzene hexacbloride, 
0.20 pound gamma isomer 








304.2 0.6754 

















Difference, expressed as log. (Y+1), required for significance: 


At odds of 19 to 1= .4268, 
At odds of 99 to 1= . 5982. 





1 Five pounds of wettable sulfur was included in the last application of all treatments, and 1 pint of spreader-sticker was included 


in all other applications of the benzene hexachloride treatments. 


2 Estima 


curculios were introduced into each cage, 
and observations were made at the end 
of 1, 2, 4, and 8 days to determine the 
curculio mortality. The criterion of mor- 
tality was failure to exhibit notion of any 
part of the body. 

The results are shown in figures 1 and 
2. In figure 1 the net mortality was deter- 
mined by use of Abbott’s formula (Abbot 
1935) and the time-mortality line was 
fitted by eye. In figure 2 adjustments were 
made for natural mortality by use of 
weighting coefficients (Finney 1944) arid 
the dosage-mortality lines were fitted to 
the points by the method of least squares 
(Bliss 1925). The amounts of benzene 


after making counts of the number of peaches on several trees of different sizes. 


Fewer than 50 per cent of the adult cur- 
culios were killed within a period of 8 days 
by the standard acid lead arsenate spray. 

Som TrEeATMENTs.—The effectiveness 
of soil treatments with benzene hexa- 
chloride and DDT in controlling the plum 
curculio was tested both in the field and 
in the laboratory. For the field experi- 
ment each of the treatments was mixed 
with the top 2 to 3 inches of soil in an area 
4 feet by 4 feet under a peach tree. Newly 
emerged larvae were introduced into a 
cage securely held in contact with this 
soil and with a strip of screen inserted 
into the soil under the edges to prevent the 
curculios from leaving the area under- 
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neath the cages. As soon as adults began 
to emerge in the cages they were periodi- 
cally counted and removed until emergence 
ceased. The procedure was similar for the 
laboratory experiment except that 10 by 
10-inch trays of soil with a cage over each 
were used. 

The results are shown in table 2. The 
data were not analyzed statistically be- 
cause of the unequal numbers of repli- 
cates. The only treatment which gave 
sufficient control to be at all promising 
was the benzene hexachloride at a rate 
of 1.0 pound of gamma isomer per acre. 


8 & 


MORTALITY — PERCENTAGE 


mr) #5 45 rr 

TIME - DAYS 
Fic. 1.—Laboratory toxicity of the standard acid 
lead arsenate spray to plum curculio adults. Six tests 
averaging 20 insects each were made in determining 
each point. The line was fitted to the points by eye, 








Discusston.—Bobb (1946) reported 
the minimum effective dosages of benzene 
hexachloride for controlling plum curculio 
adults in the spring and in the fall, re- 
spectively, as being 0.11 and 0.19 pound 
of gamma isomer per 100 gallons. The 
work of Snapp (1947) indicated that at 
least 0.10 pound of gamma isomer of 
benzene hexachloride per 100 gallons of 
spray is needed to effectively control the 
plum curculio. The results of the orchard 
spray experiment reported herein would 
also indicate that considerable reduction 
in number of worms could be obtained 
from 4 applications of a spray containing 
from 0.10 to 0.20 pound of gamma isomer 
per 100 gallons. However, these data 
should be interpreted with caution. It is 
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likely that sprays containing moderate 
concentrations of benzene hexachloride 
kill some of the adult plum curculios and 
some of the larvae in the fruit; but when 
small areas are treated, it is also probable 


MORTALITY — PROBITS 





i 
59031 


13076 LE 


104, CONC.— POUND GAMMA somen /100 GALLONS 


Fic. 2.—Laboratory toxicity of benzene hexachlo- 
ride to plum curculio adults, A total of 43 to 50 in- 
sects in 2 tests were used in determining the points 
for the lowest and highest concentrations. Each of 
the points for the other concentrations was deter- 
mined from 4 tests using a total of 86 to 98 insects. 


" 1 
2.6990 T0000 





that some of the adults migrate to ad- 
jacent untreated trees because of the ap- 
parent repellent action of benzene hexa- 
chloride. Therefore, the performance of 
this material when applied to trees in a 
large area should be determined before 
any conclusions are drawn as to its effec- 
tiveness in controlling the plum curculio 
on peaches. 

More accurate information relative to 
the toxicity of benzene hexachloride to 
adult curculios can perhaps be obtained 
from the results of the eanker spray 
experiment. These data indicate that a 
minimum of 0.233 and 0.78 pound of 
gamma isomer per 100 gallons of spray, 
respectively, are required to kill 50 and 
95 per cent of the beetles within a 4-day 
period. 

Summary.—In an adequately repli- 
cated orchard experiment 4 applications 


» of benzene hexachloride spray at concen- 


trations of 0.05, 0.10, and 0.20 pound of 
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gamma isomer per 100 gallons each gave 
a greater reduction in number of plum 
curculio larvae, as compared to 3 applica- 
tions of the standard acid lead arsenate 
spray, than could be attributed to chance 
variation at odds of 19 to 1. A significantly 
(P <.05) lower number of worms was ob- 
tained from the 0.20-pound rate than 
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calculated to kill 50 per cent of the adults 
within 2-, 4-, and 8-day periods, respec- 
tively, were 0.320, 0.233, and 0.174 pound 
of gamma isomer per 100 gallons of spray. 
From 0.779 to 0.816 pound of gamma iso- 
mer per 100 gallons was the amount cal- 
culated to obtain 95 per cent mortality 
in 4 to 8 days. Less than 50 per cent were 


Table 2.—Soil treatments for control of the plum curculio. Blacksburg, Virginia, 1947. 








MATERIAL AND AMOUNT PER ACRE* 


NuMBER 
or CAGES 


Per CENT 
CONTROL 


Per Cent 
Mort ALity 


LARVAE 
PER CAGE 





Field Test 





Benzene hexachloride, 0.5 pound 
Benzene hexachloride, 1.0 pound 
DDT, 10 pounds 

DDT, 25 pounds 

Check (no treatment) 

















Laboratory Tests 





Benzene hexachloride, 0.5 pound 
Benzene hexachloride, 1.0 pound 
DDT, 10 pounds 

DDT, 25 pounds 

Check (no treatment) 





64 68.75 
64 78.91 
64 59.38 
64 46.09 
64 49 .22 














* Amounts of DDT in terms of actual DDT; amounts of benzene hexachloride in terms of gamma isomer. 


from the 0.05-pound rate, each receiving 
4 applications, but there was less differ- 
ence between 2 and 4 applications of 0.20 
pound of gamma isomer per 100 gallons 
than required for significance at a prob- 
ability of 5 per cent. 

The results are presented of laboratory 
cage experiments conducted to determine 
the toxicity of various concentrations of 
benzene hexachloride, and the standard 
acid lead arsenate spray, to plum curculio 
adults within different periods of time. 
The amounts of benzene hexachloride 


killed within a period of 8 days by the 
standard acid lead arsenate spray. 

Field and laboratory soil treatments 
with wettable DDT dust at the rate of 10 
and 25 pounds per acre gave almost no 
control of plum curculio larvae. Soil treat- 
ments in the field with benzene hexachlo- 
ride at rates of 0.5 and 1.0 pound of 
gamma isomer per acre gave 28.1 and 60.9 
per cent control. Soil treatments in the 
laboratory with benzene hexachloride at 
these same rates gave 38.5 and 58.5 per 
cent control. 
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Some Organic Insecticides for Control of Plum 
Curculio on Peaches’ 


J. E. Dewey? and J. D. VanGELUWE?4 


Lead arsenate has been recommended 
many years for the control of plum cur- 
culio on peaches (Crosby et al. 1929). Or : 
application has been the standard treat- 
ment in New York State for light to 
moderate infestations; while two applica- 
tions have been used in the more heavily 
infested orchards (Crosby et al. 1941). 


It has been noted by the writers during 


the past four years, however, that one 
application of lead arsenate provided 
little or no control of plum curculio. Two 
applications of lead arsenate, though more 
effective than one, nearly always resulted 
in severe wood cankering from arsenical 
injury. 

Severe dropping of peaches generally 
occurs during June and July, and most of 
these drops appear to have been injured 
by the feeding or egg deposition of plum 
curculio. Dropped peaches are néarly as 
numerous in sprayed orchards as in un- 
sprayed orchards. With the advent and 
increasing use of chemical thinning of 
peaches by spraying during bloom, the 
loss of fruit as drops resulting from cur- 
culio injury becomes of increasing im- 
portance, whether the larvae mature or 
not. With these points and with the pos- 
sible effectiveness of benzene hexachloride 
against the plum curculio in mind, an 
experiment was started in 1946 to de- 
termine the efficiency of this material 
as compared with lead arsenate. The 
trial of benzene, hexachloride®’ was con- 
tinued in 1947. In addition, commer- 
cial formulations of chlordan,’ chlo- 
rinated camphene,’ and parathion were 
tested for the control of this pest. 

A 12 acre, 8 year old, Elberta peach 
orchard having a history of severe cur- 
culio damage was selected in the Warwick 
Valley of southern Orange County as the 

Eastern Branch Program. 


‘Results of a cooperative project between the Dept. of Ento- 
mology Cornell University and the Cooperative G. L. F. Ex- 
change. 

2 Cornell University. 

® Cooperative G. L. F. Exchange. 

‘The writers wish to acknow the assistance of M, J- 
Papai, Assistant County Agent of Orange County in the work re- 
ported in this paper. 

* For supplying certain materials used in these studies the 
writers wish to express their appreciation to the following: 
American Cyanamid Company, E. ‘4 du Pont de Nemours & Co., 
Ine., and California Spray Chemical Corp. 
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site for the experiments in 1946 and 1947. 
The orchard was bordered completely on 
three sides and partially on the fourth side 
by woods. Standard orchard spraying 
equipment was used and the sprays were 
applied from the ground with a single 
nozzle spray gun. The trees were thor- 
oughly covered from both the inside and 
outside using 4 to 5 gallons of spray per 
tree at 400 pounds pressure. Statistical 
significance was determined by the an- 
alysis of variance method. 

1946 ExPeRIMENT.—Trees in the two 
outside rows on the three sides bordered 
by woods were used. Weak and small 
trees were eliminated. Each plot consisted 
of two trees in the first row and two trees 
in the second row, and the treatments 
were randomized and replicated four 
times. Results were measured by exam- 
ining all dropped fruits (June 16, 17, 18, 
20, 24, & 25). and by examining 50 
fruits selected at random before harvest 
(August 2) from each tree in each repli- 
cate for curculio feeding and egg deposition 
scars. A peach showing one scar or more 
was Classified as infested. 

The materials used in this experiment 
were commercial formulations of (1) a 
31.6 per cent benzene hexachloride wet- 
table powder containing 3.79 per cent 
gamma isomer; (2) a 50 per cent wettable 
powder containing 5 per cent gamma iso- 
mer and (3) acid lead arsenate. Treat- 
ment dates were as follows: Petal-fall 
stage on May 7, 35 per cent of the shucks 
off on May 22, 90 per cent of the shucks 
off on May 26, and a 10-day spray on 
June 5. Sixteen pounds of hydrated lime 
per 100 gallons of spray were included in 
the lead arsenate treatments, and 5 
pounds of wettable sulfur per 100 gallons 
were applied for brown rot control with 
all treatments made on May 26, including 
the check plots. A list of the treatments 
and a summary of the results are pre- 
sented in table 1. 

The data in table 1 indicate the use of 
benzene hexachloride to be a promising 
method of controlling plum curculio 
based on the reduction of injured drops 
as compared to the drops occurring in the 
lead arsenate and unsprayed plots. Treat- 
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ment 7 which received 4 applications of 
benzene hexachloride was significantly 
superior to the lead arsenate and the un- 
treated plots in the reduction of injured 
fruits at odds of 99 to 1. 

Within the experiment an over-all 
range of 80 to 97 per cent of the drops were 
found to have been injured by plum cur- 
culio feeeing or egg laying scars. The per- 
centage of injured drops varied in the 
benzene hexachloride-sprayed plots from 
80 to 89, while a range of 92 to 97 per cent 
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The benzene hexachloride-treated trees 
appeared more vigorous and the leaves 
showed better color than the lead arse- 
nate-sprayed trees. No injury to the foliage 
buds, tree wood, or fruits was apparent 
from the use of benzene hexachloride. 
There was a noticeably heavier infection 
of brown rot in the benzene hexachloride 
plots at harvest, but no counts were made. 
Benzene hexachloride did not affect the 
flavor of the ripe fruit eaten fresh. 

1947 ExpeRIMENT.—The outside four 


Table 1.—Summary of results obtained in 1946 experiment for the control of plum curculio. 








AmouNT AND MATERIAL 


No. PER 100 GALLONS 


Time oF APPLICATION 


INJURED Per Cent 
Drors Per Cent Harvest 
PER Drops Fruit 
RepuicaTe Insured  Insurep 





Benzene Hexachloride 

2 Ibs. 3.79% 
$ Ibs. 3.79% 
4 lbs. 3.79% 
3 lbs. 5% 

3 Ibs. 3.79% 
8 Ibs. 3.79% 
8 Ibs. 3.79% 


90% shuck-off 
90% shuck-off 
90% shuck-off 
90% shuck-off 


IDO Ow 


Lead Arsenate 
2 lbs. 
2 Ibs. 
10 Check 


90% shuck-off 


35 & 90% shuck-off 

Petal-fail, 35 & 90% shuck-off 

Petal-fall, 35 & 90% shuck-off & 
10-day spray 


35 & 90% shuck-off 


23.0 
18.6 
20.0 
16.0 
19.4 
14.4 
10.0 


1017 
692 
625 
878 
706 
733 
361 


SRESSEE 
ace woouno 


11.6 
14.9 
24.9 


1133 
1308 
1205 


FSS 
ID © 





Least significant difference 1 per cent 


456 None None 





injury resulted in the lead arsenate and 


check plots. This indicates curculio 
injury to be a possible cause of losses 
resulting from dropped fruits. Injury as 
measured at harvest showed no signifi- 
cant differences. However, it is not an 
accurate means of determining injury 
since the benzene hexachloride trees had 
fewer drops and more fruits per tree at 
harvest than the lead arsenate treatments. 

Applications made at the petal-fall, 35 
per cent shuck-off, and 90 per cent shuck- 
off stages appear to be of less value than 
Treatment 7 which also received an addi- 
tional application 10 days after shuck-off. 
Of the single applications made at the 90 
per cent shuck-off stage, the 3 and 4- 
pound dosages of 3.79 per cent gzmma iso- 
mer and the 3-pound dosage of 5 per cent 
gamma isomer were noticeably better 
than 2 pounds of 3.79 gamma isomer. 
There was no significant difference be- 
tween the untreated plots and those re- 
ceiving one and two applications of lead 
arsenate. 


rows on one of the wooded sides of the 
orchard were selected since they were 
found to be the most heavily infested in 
the 1946 experiment. Each plot consisted 
of one tree in each of the four rows, and 
was replicated in four randomized plots. 
Results were measured by counting and 
examining all drop fruits (June 24, 25, 
July 2 and 14), and all fruits thinned from 
the trees (July 14 and 15). All the fruits 
remaining on the tree were counted (Sept. 
3 and 4), and harvest injury calculated 
by examining 50 fruits selected at random 
from each tree in each replicate (Sept. 5). 
In all the counts, a peach showing one or 
more egg-laying or feeding scars, was 
classified as infested. The results presented 
for this experiment include data taken from 
two replicates only, since heavy rains pre- 
vented the first and second drop counts 
from being made in the remaining two 
replicates. Materials used in this experi- 
ment consisted of commercial formula- 
tions of (1) a wettable powder containing 
15 per cent of parathion, (2) a wettable 
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powder containing 25 per cent of chlo- 
rinated camphene, (3) a wettable powder 
containing 50 per cent of chlordan, (4) two 
samples of benzene hexachloride wettable 
powder containing 6 per cent gamma iso- 
mer, and (5) acid lead arsenate. Due to 
the general confusion existing in 1946 
concerning the gamma isomer content of 
benzene hexachloride, concentrations sug- 
gested by the manufacturers were followed 
for all materials. Treatments were made 
on June 8, June 9 and June 12. At the time 


89 per cent injury to the drops in compari- 
son to 92 to 97 per cent injury in the 
chlorinated camphene, chlordan, both 
lead arsenate treatments and check plots. 
The total injury occurring as drops at the 
1 per cent level of significance was sig- 
nificantly lower in the parathion, benzene 
hexachloride and chlordan treatments 
than in the chlorinated camphene, one 
and two applications of lead arsenate and 
the check plots. This reduction of drops 
in the benzene hezachloride, parathion 


Table 2.—Summary of results of 1947 plum curculio experiments. 








Lbs. 
PER 


Per CENT oF 
Injury Total Total 





100 No.or Drops at Crop Injury 


| z 


MATERIAL Gaus. Sprays Inyurep Harvest Injured as Drops 





— 
~ 
Or 


15% Parathion 

15% Parathion 

25% Chlorinated camphene 

25% Chlorinated camphene 
6% Benzene hexachloride (A) 
6% Benzene hexacbloride (B) 
6% Benzene hexachlorid2 (A) 
6% Benzene hexachloride (B) 

50% Chlordan 

Lead arsenate 

Lead arsenate 

Untreated check 


SIA k Owe 


© Wwe ww WWW 


| 


| bt © © © © GO WH © 2 WH 2 


36.7 29.6 
32.7 17.4 
55.9 61.0 
62.3 
15.0 


85. 
89. 
95. 
95. 
85. 
84. 
89. 
79. 
91. 
92. 
96. 
95. 


te ee el 
 Be3 
2 
o 





Least significant difference 1% 
57% 
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of the first treatment, June 3, about 95 
per cent of the shucks had fallen from the 
fruit. A preliminary check with random- 
ized counts before treatment indicated 
about 20 per cent injury to the fruit. 
Sixteen pounds of hydrated lime per 100 
gallons were included with the lead ar- 
senate treatments, and 5 pounds of wet- 
table sulfur per 100 gallons were applied 
for brown rot control with all treatments 
made on June 3 including the check plots. 
A list of the treatments and a summary 
of the results are given in table 2. 

The summary presented in table 2 after 
considering all criteria of control, show 
the organic insecticides parathion, ben- 
zene hexachloride, chlordan and _ chlo- 
rinated camphene to be as good or better 
than lead arsenate for the control of plum 
curculio. As in the 1946 experiment, most 
of the drops were found to have been 
injured by curculio feeding or egg deposi- 
tion scars. The benzene hexachloride and 
parathion treatments varied from 79 to 


and chlordan treatments left more fruit 
on the tree. This is of particular impor- 
tance if blossom thinning is practised. 
Differences in injury to the fruit as 
measured at harvest time by the different 
treatments was not statistically signifi- 
cant. However, this might be expected 
when it is realized that fewer peaches 
dropped from some of the treatments 
than from others, and thus produced more 
mature fruit per tree. Injury to the total 
crop in the parathion and benzene hexa- 
chloride treatments was found to be sig- 
nificantly lower than the injury occurring 
in the untreated plots, the single applica- 
tion of lead arsenate and the treatment 
receiving 1 pound of chlorinated cam- 
phene at the 1 per cent level of signifi- 
cance. At the 5 per cent level, two appli- 
cations of lead arsenate, chlordan and 
the treatment receiving 2 pounds of 
chlorinated camphene were significantly 
lower than one application of lead arse- 
nate, 1 pound of chlorinated camphene and 
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the untreated checks. Differences result- 
ing between two and three applications 
of benzene hexachloride and two different 
samples of benzene hexachloride were not 
statistically significant. 

No injury to the peach foliage, buds, 
fruit, or any part of the tree could be dis- 
cerned by the benzene hexachloride, para- 
thion, chlorinated camphene or chlordan 
treatments as used in this experiment. 
No apparent increase in abundance of 
brown rot infected fruit in the benzene 
hexachloride treatments were noted. 
There was a noticeably lower population 
of European red mite and two-spotted 
spider mite on the parathion plots as 
compared to the other treatments on 
September 3 and 4. 

Discussion.—The treatments used in 
these experiments as shown in tables 1 
and 2, have been evaluated on the basis 
of injury to the dropped fruit, amount of 
dropped fruit, total injury to the crop 
and injury at harvest time since no one 
method of evaluation alone presents a 
true picture of the injury to peaches oc- 
curring from curculio. As a result of using 
these methods of evaluation, organic in- 
secticides such as parathion, benzene 
hexachloride, chlordan and chlorinated 
camphene are found to be equal to or 
superior to the use of two applications of 
Jead arsenate for the control of plum cur- 
culio. The benzene hexachloride and para- 
thion treatments ran consistently lower 
than two applications of lead arsenate on 
total injury to the fruit, but the differ- 
ences were too small to demonstrate sta- 
tistical significance. Two applications of 
2 pounds of 50 per cent chlordan and two 
applications of 2 pounds of 25 per cent 
chlorinated camphene were equal to two 
applications of lead arsenate in total 
injury to the fruit. Two applications of 
lead arsenate applied at the 95 per cent 
shuck-off stage and 6 days later was su- 
perior to a single application made at the 
95 per cent shuck-off stage. One applica- 
tion of lead arsenate provided no protec- 
tion at all. 

Both years’ results show curculio 
injury to the dropped fruit to exceed 79 
per cent. This seems to indicate that the 
injury to the fruit by plum curculio is at 


least a contributing factor to the loss of - 


fruit as drops. Benzene hexachloride 
treatments resulted in 80 to 90 per cent 
injury the first year, and 79 to 90 per cent 
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injury the second year. The untreated 
trees and the lead arsenate sprayed trees 
varied from 92 to 97 per cent both years. 
Chlorinated camphene treatments were 
found to have 95 per cent of the dropped 
fruit injured, chlordan 92 per cent, and 
parathion treatments varied from 85 to 
89 per cent. In the first experiment 4 ap- 
plications of benzene hexachloride were 
found to reduce losses from dropped fruits 
significantly as compared to lead arse- 
nate. In the second experiment the reduc- 
tion of losses from dropped fruit is ex- 
pressed as per cent of total injury occur- 
ring as drops. In this experiment, the para- 
thion, benzene hexachloride and chlordan 
treatments were found to reduce signifi- 
cantly the losses as dropped fruit over 2 
applications of lead arsenate at odds of 99 
to 1. Observations and the data presented 
as injury occurring as drops indicate para- 
thion and benzene hexachloride in par- 
ticular and perhaps chlordan to be not 
only effective in controlling plum curculio 
adults, but also to be toxic to the newly 
hatched larvae or eggs. Chlorinated cam- 
phene treated trees were found to produce 
about the same amount of injury occur- 
ring as drops as the trees sprayed with one 
and two applications of lead arsenate 
and the check trees. These data indicate 
that although the injury measured to the 
total crop with parathion, benzene hexa- 
chloride, and chlordan was not signifi- 
cantly superior to lead arsenate, less than 
one-third of the injury is expressed as 
dropped fruit in comparison to about 
two-thirds of the injury occurring as 
drops with chlorinated camphene, lead 
arsenate and unsprayed plots. Conse- 
quently, the peach grower should have a 
higher yield of fruit on those trees sprayed 
with parathion, benzene hexachloride and 
chlordan than on lead arsenate or chlo- 
rinated camphene sprayed trees. Since the 
injury as measured at harvest did not 
significantly differentiate between any 
of the treatments, it may be assumed that 
the increased yield of fruit is marketable. 
The reduction of injury occurring as drops 
is of even more importance, if considera- 
tion is given to the increasing use of chem- 
ical sprays during bloom to thin peaches. 
Blossom thinning sprays do not make 
allowance for the amount of injury to oc- 
cur from curculio, nor do they permit 
large numbers of curculio stung fruit to be 
thinned from the trees by hand. Reduc- 





naan = 


Det at 


oo. oF OW 


April 1948 Dewey & VaNGELUWE: Oreanic INsEcTICIDES AND CuRCULIO 239 


tion of the number of injured drops, 
though they do not all contain larvae that 
will mature, should proportionately re- 
duce the curculio population in an orchard 
the following year. 

None of the organic insecticides tested 
in these experiments were observed to 
exhibit any deleterious effects to the 
peach foliage, buds, fruit or wood. Growth 
on these trees appeared, on the other hand, 
to be more vigorous and the foliage was 
more dense and of better color than on the 
unsprayed trees. This is in comparison 
to the lead arsenate sprayed trees which 
had less foliage. poorer color and cankered 
wood resulting from arsenical injury. 
Parathion sprayed trees were observed to 
have considerably lower populations of 
European red mites and _ two-spotted 
spider mites on September 3, 1947 than 
the other treatment. Benzene hexachlo- 
ride sprayed trees were observed to have a 
heavier infection of brown rot in 1946, 
but this was not noted in 1947. Taste 
tests of fresh fruits receiving 4 applica- 
tions of benzene hexachloride in 1946 did 
not demonstrate any off-flavor. 

Under the conditions of the first field 
trial, applications of benzene hexachloride 
made at the petal-fall and 35 per cent 
shuck-off stages were of little value as 
compared to applications made at the 90 
per cent shuck-off stage and a 10 day 
spray. In the second year’s trial with 
benzene hexachloride, only a slight re- 
duction in injury occurred as a result of 
using a third application following appli- 
cations made when 95 per cent of the 
shucks had fallen and again 6 days later. 
At least 3 pounds of a wettable powder 
containing 6 per cent of the gamma iso- 
mer should be used in each 100 gallons of 
spray. Differences occurring between two 
commercial formulations of benzene hexa- 
chloride were negligible. 

The differences demonstrated between 
the use of 1.75 pounds of a 15 per cent 


parathion wettable powder and 4 pounds, 
indicate that a dosage lower than 4 pounds 
is sufficient. A 2-pound concentration 
containing 25 per cent chlorinated cam- 
phene was superior to the same material 
used at 1 pound. Chlorinated camphene 
appears worthy of further trial at higher 
concentrations. Two applications of lead 
arsenate applied at the 95 per cent shuck- 
off stage and 6 days later were superior to 
a single application made at the 95 per 
cent shuck-off stage. A single application 
of lead arsenate was little better than no 
treatment at all. 

SumMary.—Two years’ field experi- 
ments show at least 79 per cent of dropped 
peach fruits to be injured by curculio 
feeding or egg-laying scars. Benzene hexa- 
chloride, and parathion, were found to be 
superior to lead arsenate by reducing the 
loss of fruits as drops and by the reduction 
of total injury to the fruit crop. Chlordan 
was superior to two applications of lead 
arsenate in reduction of losses as drops 
and was as good as lead arsenate in reduc- 
ing the total injury to the crop. Chlori- 
nated camphene caused as much loss of 
dropped fruits as lead arsenate. Two ap- 
plications of 2 pounds of 25 per cent chlo- 
rinated camphene were equally effective in 
reducing total injury to the fruit as to two 
applications of lead arsenate and was sig- 
nificantly superior to two applications of 
1 pound of chlorinated camphene. Chlo- 
rinated camphene should be tested further 
at higher concentrations. Two applica- 
tions of lead arsenate were superior to one 
application, which was of little or no value 
Benzene hexachloride, parathion and pos- 
sibly chlordan appear to be toxic to newly 
hatched larvae or eggs in addition to their 
toxicity to adults. No injury to the foliage, 
fruits, buds or tree was observed with any 
of the organic insecticides used. Benzene 
hexachloride as used in these tests did not 
flavor the fruit at harvest. 
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DDT and Benzene Hexachloride in Sprays to Control 
Peach Tree Borer!” 


A. A. LaPuante, Jr. and E. H. Wueeter, Geneva, N. Y. 


Of the insects causing injury to peach 
in New York, the peach tree borer, San- 
ninoidea exitiosa (Say), has been one of 
the more difficult for which to find a 
satisfactory control. Methods utilizing 
paradichlorobenzene and emulsions of 
ethylene or propylene dichloride occa- 
sionally have resulted in serious injury to 
trees. Furthermore, any borers at points 
6 inches or higher on the trunks escape the 
treatment. Often, control treatments are 
deferred until late fall or even the fol- 
lowing spring after the current generation 
of larvae have had several months in 
which to inflict damage. This situation 
and the early report by Driggers & Smith 
(1944) indicating reductions in borer 
populations in trees sprayed with DDT 
to control oriental fruit moth stimulated 
interest in this spraying method. This 
article is a report of results obtained in 
experiments with DDT sprays under New 
York conditions during the past three 
seasons. Also included is a limited amount 
of data on the effectiveness of benzene 
hexachloride used to eradicate established 
borers. 

Lasoratory Tests.—Three series of 
preliminary tests were carried out in 
August 1945. Freshly cut, 7-inch lengths 
of peach limbs about 1.5 inches in diam- 
eter were placed upright in moist sand 
in clay pots. About 3 inches of limb re- 
mained exposed and the upper end was 
beveled to eliminate rough edges or crev- 
ices which might facilitate entrance by 
borers or make a spray coverage less uni- 
form. The pots were placed on a turn- 
table and the materials applied with a 
paint sprayer. Once the spray had dried 
thoroughly the pots were set in shallow 
water and empty clay pots inverted over 
the upper ends of the limbs to prevent 
excessive loss of moisture. The spray 
coverage was complete except for a half- 
inch circle on the exposed end which was 
covered during the treatment. The 20 
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Adams, Poughkeepsie, who cooperated in experiments in 
the Hudson River Valley area. 


recently-hatched, larval borers transferred 
to each limb in each test were placed in 
this unsprayed area. 

In the first 2 series DDT was used at 
rates of one pound or higher per 100 gal- 
lons. The kill of larvae was complete on all 
treated limbs. On unsprayed limbs, in- 
fested and maintained under identical 
conditions, a maximum of seven and, for 
the six limbs, an average of four borers 
became well established. 

The third test included concentrations 
down to 2 ounces of toxicant per 100 gal- 
lons as well as two distinct formulations. 
Three days after spraying, 10 recently- 
hatched, borer larvae were placed on each 
limb. On the fourth day each limb re- 
ceived a second group of 10 larvae. At the 
end of 2 weeks the limb sections were 
removed from the sand and counts made 
of living, well established borers. The re- 
sults (Table 1) indicated that 1 pound of 
technical DDT, formulated as a wettable 
powder, might provide satisfactory borer 
control. The apparently greater effective- 
ness of the DDT in kerosene emulsion 
needs further investigation on the influ- 
ence the oil itself might have under these 
conditions. 

Fretp ExpermMents, 1945.—This ex- 
periment was to establish the effective- 
ness of several concentratilons of DDT 
under field conditions and the value of 
one, two and three applications of this 
material in the form of sprays directed 
onto the trunk and lower limbs. This re- 
port includes only the results obtained 
with the 1-pound dosages. 

The test was conducted in a 6-acre 
block of 7-year-old Elbertas. On these 
trees the bark was essentially smooth and 
the trunks relatively free from scars or 
wounds. The usual spring and early- 
summer discing operations had piled a 6 
to 10-inch ridge of soil around each trunk. 
About a week following the first spray 
treatments the grower removed this soil 
with hand implements. This operation 
not only exposed some unsprayed surface 
but also destroyed many full-grown borers 
in cocoons. 

Treatments were made with a conven- 


240 





April 1948 LaPLante & Warrier: HexacnLoRiprE AND Peach TREE Borer 241 


tional orchard sprayer supplying about 
400 pounds’ pressure to the single-nozzle 
spray gun. In making these treatments 
the operator circled each tree while direct- 
ing a fog-like spray onto the scaffold limbs 
and crotch and a forceful, more direct 
stream against all sides of the trunk. 
About 5 quarts of liquid were used for 
each tree. With the exception of sulfur 
dusts, no other chemicals were applied to 
these trees during the course of the experi- 
ment. 

In each row of 15 trees comprising a 
treatment, 5 trees received only the first 
application, 5 received both first and sec- 
ond and 5 were treated three times. A 
center row of 15 trees and an 11-tree row 
adjacent to the experimental block were 
left untreated. Applications were made on 
July 11, August 2 and August 23. In June, 
empty pupal cases of borers, probably the 
lesser peach tree borer Synanthedon pic- 
tipes (G. & R.), had been found protrud- 
ing from scarred areas on the upper trunk 
and limbs and on July 6 several pupae of 
the peach tree borer were collected. On 
August 2 the number of empty pupal 
skins and cocoons averaged slightly more 
than one per tree. The times of treatment 
corresponded closely with the periods 
when DDT sprays were applied in nearby 
orchards for oriental fruit moth control. 
Borer counts made in May of the follow- 
ing year are summarized in table 2. 

Although some reduction of borer popu- 
lations appears to have resulted from the 
use of DDT in these sprays, the data pre- 


Table 1.—Results obtained in the laboratory 
when recently-hatched peach tree borer larvae 
pan placed upon peach limbs sprayed with 








NUMBER OF 
Livinc Borers 
IN Bark! 


TOXICANT PER 100 
GALLONS 





Wettable powder with 40 per cent DDT 

0.25 Ib. 4 
0.5 Ib. 5 
1.0 |b. 

Emulsion of kerosene with 5 per cent DDT 
0.125 Ib. 1 
0.25 Ib. 1 
0.5 Ib. 0 
: A ae | 0 

No treatment 

A 18 
B 14 





; Equals borers surviving from total of 40 used on two repli- 
cates, 


sented in table 2 do not show clearly the 
benefits realized from these treatments. 
Notes, taken when counts were made, 
reveal that, of the three borers listed for 
3 applications on row 15, one was at the 
upper end of a large scar and the remain- 
ing two in a limb wound about 3 feet 
from the trunk. In the same row, where 2 
treatments were made, 4 of the 5 borers 
were found on one tree in a large, pro- 


Table 2.—Results obtained with two formula- 
lations of DDT! sprayed on peach trees in one, 
pes. and three applications to control peach tree 

orer. 








Numser or Borers 1n 5 TreEs 


Un- Un- 
NumBer AND Dates DDT-A? treated DDT-B* treated 
oF APPLICATIONS Row 15 Row17 Row 20 Row 21 


1. July 11 6 19 17 238 
2. July 11, Aug. 2 5 21 11 19 
3. July 11, Aug. 2 & 23 3 17 3 24 











1 One pound toxicant per 100 gallons. 

2 Deenate 25-W furnished by duPonts. 

8 Gesarol A K-40 furnished by Geigy Company. 

4 But one tree available; total estimated from other checks. 


tected scar under the base of a branch. In 
contrast, where but one application was 
used, only two of the six larvae were associ- 
ated with scars or other areas offering pro- 
tection to the young borers. 

The apparent superiority of DDT-A 
loses significance when the data assembled 
for the DDT-B formulation are examined 
more critically. For example, two of the 
three larvae found on trees receiving 3 ap- 
plications were in a split-crotch wound. 
Where two treatments were made, 7 of the 
11 borers were in injured areas at the base 
of one tree. More scars or wounds were 
listed for the one-treatment trees in row 
20 than for corresponding trees in row 15. 
In other words, the degree of control ob- 
tained was indicative of the condition of 
the surface of the tree trunk, crotch and 
limbs rather than the type of DDT formu- 
lation used. 

GrowER Fre.tp Tests, 1946.—-T'wo 
growers in the Hudson River Valley co- 
operated in continuing peach tree borer 
tests in 1946. Orchard A was a 3-acre 
block of 5 to 7-year-old Golden Jubilees 
growing in heavy clay soil. A preliminary 
examination indicated a high borer popu- 
lation and serious damage from borer 
activity in previous years. With the excep- 
tion of 8 trees in one corner the entire 
orchard received 4 sprays of DDT during 
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the season. On July 10 and August 2 the 
material was applied to entire trees to 
control fruit moth as well as the borer. To 
assure complete coverage of trunks and 
scaffold limbs one operator rode a stone- 
boat pulled behind the sprayer while a 
second sprayed from the tank. The post- 
harvest applications, on August 21 and 
September 4, were directed against the 
trunks, crotches and scaffold limbs only. 
A 50 per cent wettable powder was em- 
ployed throughout the test at a rate pro- 
viding 1.5 pounds of actual toxicant per 
100 gallons. 

Orchard B was a 2-acre block of 6-year- 
old Elbertas growing in sod. An adjoining, 


Table 3.—Control of the peach tree borer in 
1946 with DDT" in 2 grower-sprayed New York 
orchards. 








NuMBER or Borers IN 

NUMBER IN 10 TrEEs? 

or APPLI- 
CATIONS 





OrcHARD Unsprayed Sprayed 





A 4 95 7 
B 2 65 ll 





1 One and one-half pounds actual DDT per 100 gallons. 

? Based upon counts from 8 check and 20 treated trees from A 
and 10 check and 12 sprayed trees in B. 

3 Includes some larvae from 1945 hatch—partly grown when 
treatments were . 


similar block served as a check. Trees in 
both these orchards were infested badly 
and many seriously injured by peach tree 
borer. Orchard B was sprayed but twice, 
about July 6 and again 3 weeks later. 
The treatments were confined to trunks 
and limb bases, no attempt being made 
to cover foliage or fruit. DDT was used in 
the same form and concentration as in 
orchard A. 

Counts were made in both orchards 
during the early spring of 1947. In or- 
chard A, count trees were examined again 
in early July and a number of borers found 
that obviously were missed on the earlier 
date. A summary of the data obtained in 
these two orchards is presented in table 3. 

Fretp Experiments, 1947.—The pur- 
pose of this experiment was to verify, 
on a larger scale and under more difficult 
conditions, some of the earlier findings 
and to compare wettable powders and 
emulsions containing DDT. As the ex- 
periment progressed, an opportunity was 
provided to determine the effectiveness of 


benzene hexachloride applied as an eradi- 


cant after the current season’s hatch of 
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peach tree borers had been nearly com- 
pleted. 

In western New York, an Elberta or- 
chard with trees ranging in age from 5 to 
20 years and growing in a sandy loam soil 
was selected for the test. It contained 33 
east-west rows of 10 trees each. A second 
block of’ 7-year-old Elbertas adjoined the 
experimental block on the east. During 
the course of the experiment the center 
east-west row (row 17) and the adjacent 
block remained untreated with insecti- 
cides except for 2 sprays and 3 dusts of 
DDT-sulfur directed primarily at foliage 
and fruit to control oriental fruit moth. 
The outside rows at the north and south 
ends received oriental fruit moth treat- 
ments plus two treatments with plain 
water applied to trunks and limbs. These 
water applications were made in the same 
manner and at the same times as the 
regular DDT sprays for peach tree borer 
control. It became apparent, when counts 
were made, that spraying with plain 
water had had no effect upon the peach 
tree borer population. Therefore, the 
counts made on 6 trees from this treat- 
ment, 5 from row 17 and .5 from rows 
adjacent to the experimental block, or a 
total of 16 trees, became the basis for all 
data in the untreated category. Almost 
all treated trees included among those 
counted were 8 years of age or older. 

The DDT and plain water sprays were 
applied with a single-nozzle spray gun 
operated from a low platform at the rear 
of a conventional orckard sprayer deliver- 
ing 600 pounds pressure. In this way the 
liquid was used at about one and one half 
gallons per tree. In making benzene hexa- 
chloride applications the operator circled 
each trunk and employed slightly more 
than 2 gallons per tree. In all this spraying, 
streams were directed against all sides of 
the trunks, crotches and scaffold limbs. 

Moths of the lesser peach tree borer 
were observed flying in nearby orchards 
on June 10 but careful checks indicated 
the first peach tree borer emergence in 
the period July 20 to 25—the first moth 
being seen on July 25. The first applica- 
tions of DDT were made on July 31 and 
the later ones on August 19. The single 
benzene hexachloride eradication-treat- 
ments were applied on August 26. 

On July 19 and 25 counts of the entire 
borer population on 25 trees scattered 
throughout the orchard indicated an aver- 
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age of about 8 per tree with a maximum of 
40 per tree. These and all subsequent 
examinations included the upper trunk, 
crotch and scaffold limbs to points 2 feet 
from the trunk as well as the tree base. 
At that time, the population consisted of 
empty pupal skins, pupae and larvae in 
cocoons, and immature larvae ranging 
from those nearly full-grown to some very 
small ones. These latter, being almost 
exclusively in wounds on trunks and 
limbs, presulably represented the new 
generation of lesser borer. 


growth—quite evident in older trees— 
were not classed as scars or wounds. In 
determining populations in this experi- 
ment the numbers of larvae found in 
wounds were kept distinct from the fig- 
ures representing those that had entered 
directly into uninjured, normal bark. The 
wounds themselves varied greatly in 
number and size from tree to tree and be- 
tween groups of treated trees. To make 
the results directly comparable, therefore, 
the wounds from which borer counts were 
made were classified into size groupings 


Table 4.—Results obtained in 1947 with DDT and BHC in sprays directed against the trunks and 


limbs of peach trees to control peach tree boreer. 








NuMBER OF Borers IN 10 TREES 





Entirely 


MATERIALS AND AMOUNT OF in 
Wounds! 


ToxIcCANT PER 100 GALLONS 


Direct Entries 


Trunk & 
Limbs 





Total 
Number 


Ground 
Levelé 





Wettable powder,? 1.5 Ibs. 
Emulsion,? 1 Ib. 82 


Untreated 93 


45 
43 


Wettable powder,‘ 0 .24° Ib. 
Wettable powder,‘ 0. 48° Ib. 


Benzene hexachloride spray on August 26 only 
2 (1) 


DDT sprays on July 31 and August 19 
72 1 


(1) 73 
4 (1) 86 
46 (4) 189 


53 
2 49 


~ 





1 Adjusted to compensate for variations in number and size of wounds; includes lesser peach tree tree borer population. 


2 Persisto, furnished by California Spray Chemical Company. 
3 Furnished by Grange-League-Federation, Inc. 

4 Furnished by Niagara Spray Chemical Company. 

> Gamma isomer. 


6 Figures in parenthesis indicate number of borers from 1946 hatch included in counts; includes everything below a point 6 inches 


above the actual soil surface. 


Repeated observations on trees in 
neighboring orchards indicated that peach 
tree borer emergence in that area was 
completed for the season by the end of 
August. Also, it became evident that some 
larvae, hatched in 1946, would fail to 
pupate in 1947 and remain in the trees as 
larvae until 1948. These borers were well 
established and probably half grown when 
the first DDT sprays were applied. 

Data from this experiment were col- 
lected during October and are set forth 
in table 4. 

Earlier studies had shown the influence 
upon borer populations of the presence of 
scars or wounds in the bark. As used in 
this report, wounds are defined as any 
break in the bark surface caused by 
winter injury, pruning, rubbing or culti- 
vating implements and splits in weak 
crotches. Roughness or cracking in the 
bark brought about by normal trunk 


and reduced to a common numerical basis 
for the series of treatments and check. 

In table 4, borers listed as having en- 
tered directly into the bark were sepa- 
rated on the basis of their location above 
or below a point 6 inches above the soil 
surface. Or, to emphasize an important 
advantage of the spraying method, a 
distinction has been made between those 
susceptible to control by methods utiliz- 
ing paradichlorobenzene or dichlorides 
and those that normally would escape 
such treatments. 

The data shown in table 4 support 
previous findings with respect to the 
effectiveness of DDT in sprays at dosages 
of 1 or more pounds of toxicant per 100 
gallons. As applied in this test, DDT 
sprays are relatively ineffective against 
borers associated with wounds. The high 
populations recovered from trees omitted 
from the borer control program but which 
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received DDT-sulfur in 2 sprays and 3 
dusts for fruit moth control are evidence 
that peach tree borer control results from 
DDT sprays directed primarily onto the 
trunk and limb bases. 

The results obtained from the use of 
benzene hexachloride indicate certain ad- 
vantages over DDT. In this test one 
spraying with benzene hexachloride after 
the borer eggs were hatched and the young 
larvae established, reduced the total 
borer population about 70 per cent. A 
study of the figures in table 4 shows both 
dosages to be nearly as effective as DDT 
in reducing the number of borers having 
direct entries; apparently it is more ef- 
fective than DDT in freeing the wounds 
of borers. These conclusions are supported 
by observations made a week after the 
spray treatments. At that time dead as 
well as living larvae of all ages could be 
found in wounds and in burrows from 
direct entries on the benzene hexachloride- 
treated trees; dead larvae were not found 
in similar situations on the check and 
DDT-treated trees. 

SumMary.—Sprays containing DDT 
were employed in preliminary laboratory 
tests and, during 3 seasons, under field 
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conditions to control the peach tree borer, 
Benzene hexachloride was employed in 
1947 to eradicate established borers after 
egg hatching was complete. 

Results show that, under New York 
conditions, DDT, at concentrations of 
one or more pounds of toxicant per 100 
gallons, sprayed directly onto trunks, 
crotches and limb bases is effective against 
the peach tree borer. According to these 
results applications should begin with the 
first hatch and be repeated at 3-week 
intervals until the latter part of August. 
Lesser peach tree borer and regular peach 
tree borer larvae associated with wounds 
are not checked noticeably by these 
treatments. 

Near the end of the hatching period, 
one application of benzene hexachloride 
providing 4 ounces of gamma isomer per 
100 gallons was nearly as effective as two 
sprays of DDT in checking borers in di- 
rect entries on uninjured bark; it was more 
effective than the DDT in reducing the 
borer populations in wounds. 

Both materials used as sprays have 
marked advantages over methods using 
paradichlorobenzene or dichlorides. 


LITERATURE CITED 
Driggers, B. F., and. C. L. Smith. 1944. Field tests of DDT to control peach tree borer. Jour. Econ. 


Ent. 37(4): 587. 


Summer Control of Pear Psylla During 1947’ 


Donautp W. Hamutton, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Injury due to the pear psylla, Psylla 
pyricola Foerst., has been extremely 
severe throughout eastern New York for 
the last two seasons. In seasons when 
climatic conditions are favorable for the 
development of this insect, the dormant 
spray programs now in general use can 
not be depended upon to effect a suffi- 
cient degree of control to prevent an out- 
break later. In such seasons summer con- 
trol programs must supplement those de- 
signed for the dormant season. In the 
summer of 1947 three field tests, similar 
to those previously reported (Hamilton 
1947), were carried out in orchards having 

Eastern Branch Program. 

1 The work reported herein was conducted in cooperation with 


the New York State Agricultural Experiment Station at Pough- 
keepsie, N. Y. 


high populations of pear psylla. The in- 
secticides tested were nicotine sulfate, 
parathion, chlorinated camphene, cube 
root, hexaethyl tetraphosphate and te- 
traethyl pyrophosphate, piperonyl cy- 
clonene and piperonyl butoxide with 
pyrethrum, chlordan, and pyrethrum. 
The first test was made on May 27, the 
second on July 29, and the third on 
September 3. The sprays were applied by 
means of a 35-gallon-per-minute hydraulic 
sprayer equipped with a single-nozzle gun 
containing a disk with a 0.56-inch orifice. 
In the May and September tests each 
treatment was applied to a small, un- 
replicated block of trees, and in the July 
tests each treatment was applied to a 
single tree in duplicate blocks of trees. 
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From 10 to 15 spurs were selected at 
random on each of 2 trees per treatment, 
and the degree of control was determined 
by comparing the number of nymphs per 
spur in the sprayed plots with the number 
in the unsprayed plots. The effect of the 
treatments on adults was determined by 
counting, 30 minutes after spraying, the 
dead adults on 2 cloth trays that were 
placed under the trees just prior to the 
spraying. Records obtained by this 
method did not always indicate the full 
value of a treatment against the adults, 
but served the purpose. With some treat- 
ments dead adults stuck to the foliage 
instead of dropping to the ground or into 
the trays, and in others slow-acting ma- 
terials might have shown to better ad- 
vantage if the trays had been left in place 
for a longer period. 

The results of the various tests, as 
given in tables 1 to 3, are discussed in the 
following paragraphs. 

Nicotine SuLFatTe.—In his previous 
paper the writer suggested that the varia- 
tion in results obtained with nicotine sul- 
fate sprays applied to control pear psylla 
nymphs was probably due to differences 
in the air and water temperatures at the 
time of application. The results obtained 
under field conditions in 1947 support this 
suggestion. For example, nicotine sprays 
applied on July 29 (table 2), when the air 
temperature was 84° F., were more effec- 
tive than those applied on May 27 (Table 
1), when the air temperature was only 68° 
F., even though the initial population 
was about the same. The temperature of 
the spray water was not determined, but 
was undoubtedly lower on May 27 than 
on July 29. 

In most of the plots sprayed with nico- 
tine sulfate in 1947, it was used at the low 
concentration of 8 ounces to 100 gallons, 
so that the supplementary materials 
would have a chance to show their value. 

The control obtained with nicotine sul- 
fate was not entirely satisfactory. Because 
the material had little or no value as a 
residue, the nymphs that survived the 
initial treatment were able to rebuild in- 
festations rapidly. The three plots in 
which results were taken 9 days after the 
July 29 spraying had heavy enough in- 
festations at that time to cause heavy 
deposits of honeydew and consequent 
smutting of the fruit. 

The 16-ounce strength of nicotine sul- 
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fate was definitely superior to the 8-ounce 
strength when supplementary materials 
were not included. It is believed that the 
DDT used with the higher concentration 
in May did not affect the results materi- 
ally. The combination of summer oil and 


Table 1.—Tests with summer sprays applied 
to Clapp Favorite pear trees on May 27 for con- 
trol of pear psylla nymphs, 1947. 








AVERAGE 
NuMBER 
or NyrMpus 
PER SPUR 
AFTER 
2 Days 


MATERIALS 
(QuaNTITIES PER 100 GALLONS) 


Nicotine sulfate (40%) 8 oz. plus: 
No accessory materi 
Summer = 1 i gal. _ albumin 8 oz. 
Hydrated li 
Nicotine sulfate ( Atay 1 lb.+DDT (50%) 2 lb. 
Parathion 
Chlorinated camphene: 
25% Wettable por § 2 Ib. 
50% Emulsifiable solution 2 Ib. 
Cube root +summer gil 1 
Powder (4.8% rotenone) 2 Ib. 
Commercial paste (50% cube) 1 Ib. 
Hexaethy] tetraphospha‘ 
Technical 8 oz. gw arene 
v traci pyro sapien hate: 16 oz. 
etrae phosphate: 
any Aig oz.+spreader 2 
Pigeons cyclonene (8%) Soperitine (0.8%): 
16 oz 
$2 oz, 
Chlordan, emulsifiable solution (50%) 16 oz. 
hrum flowers 2 Ib. +summer oil 1 gal 
ntreated 
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nicotine sulfate was more effective against 
nymphs than the nicotine alone, and the 
combination of 10 pounds of lime with the 
nicotine was even more effective. Both 
these formulations increased the knock- 
down of adults as well as the kill of 
nymphs. However, there are objections to 
the use of either combination. The formu- 
lation containing oil may result in severe 
injury to fruit and foliage if it is used 
shortly before or after DDT is applied 
for codling moth control, whereas the 
lime-nicotine mixture leaves heavy visible 
deposits on the fruit and may cause russet- 
ing if applied when temperatures are ex- 
tremely high. The lime also increases the 
volatility of the nicotine to such an extent 
that spray operators may become ill 
when applying it over long periods. 

A formulation in which 1 pound of lime 
and 2 ounces of a wetting agent,! were 
used with nicotine sulfate proved to be 
about as effective against nymphs as the 
formulations containing summer oil or a 
higher concentration of lime, and knocked 
down more adults. It.also appeared less 
likely to russet fruit than the formulation 


1 Triton B-1956, a phthalic glyceryl alkyd resin. 
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Table 2.—Tests with summer sprays applied to pear trees on July 29 for control of the pear psylla, 


1947. 








MATERIALS 
(QUANTITIES PER 100 GALLONS) 


ADULT 
Knocx- 
Down 
(NUMBER 
PER 
Square 
Foor) 


AVERAGE NuMBER oF NYMPHS 
PER SpurR AFTER 





2 9 27 41 
Days Days Days Days 





Bartlett 


Nicotine sulfate (40%) 8 oz. plus: 
No accessory material 
Summer oil 1 gal.+-blood albumin 8 oz. 
Hydrated lime 10 Ib. 
Hydrated lime 1 lb.+-spreader 2 oz. 
Nicotine sulfate (40%) 1 Ib. 
Untreated . 


Parathion (15%) 1 |b. 
Chlorinated camphene (25% wettable powder) 4 lb. 
Cube root (4.8% rotenone) 2 lb.+summer oil 1 gal. 
Hexaethy] tetraphosphate: 

Technical 8 oz.+-spreader 2 oz, 

Commercial mixture (50%) 16 oz. 
Tetraethyl pyrophosphate: 

Technical] 4 0z.+-spreader 2 oz. 


Piperonyl cyclonene (8%)+-pyrethrins (0.8%) 16 oz. 
Piperony]l cyclonene (40%)+pyrethrins (4%) 8 oz. 
Piperonyl butoxide (8%)-+-pyrethrins (0.8%) 16 oz. 


Piperonyl butoxide (40%)+pyrethrins (4%) 8 oz. 
Untreated 


26. 
Clapp Favorite 
0 


i4t Ria 


—w-1285 SD @ 
we 2 CO 

| | SH ee | 
~~ - O 


ca S&S 
a 
> = co 
- Wie 
we ce 
ae 
or mt 


«© 
Ng 


eowoscse 
BwHS~AS 
$ 
ee ela a 
or 
a 
—@E3Eu 





containing more lime, left only a light 
visible residue on the fruit, and would not 
interfere with the use of DDT, as would 
summer oil. 

PaRaTHION.—A wettable powder con- 
taining 15 per cent of parathion, used at 
the rate of 1 pound to 100 gallons of spray, 
killed 100 per cent of the nymphs present 
in all three tests. No injury to the fruit 
or foliage occurred even though weather 
conditions varied widely. In addition, 
no nymphs were present 9 to 12 days 


Table 3.—Tests with summer sprays applied 
to Kieffer pear trees on September 3 for control 
of pear psylla nymphs, 1947. 








AVERAGE NUMBER OF 
CONCENTRATION NYMPHS PER Spur AFTER 
(Pounps PER 100 


GALLONS) 





2Days 12 Days 23 Days 





Parathion (15 per cent) 
0.5 
1 


2 
Chlorinated camphene 
(25 per cent) 

2 


3 
a 


Untreated 





after application and few were present 
after 23 or 27 days. This was in marked 
contrast to the situation when nicotine 
sulfate was used. Heavy populations of 
nymphs were found in the thiophosphate 
plot 41 days after spraying, but this 
might not have occurred if xe Pe block, 
or the entire orchard, had been treated. 

In tests with several concentrations of 
parathion applied early in September, as 
little as 8 ounces per 100 gallons appeared 
to be effective. All nymphs present at 
the time of application were killed, and 
practically none were present 23 days 
later. Knock-down of adults at the time 
of spraying was comparatively small. No 
attempt was made to determine the effect 
of this material on adults over a longer 
period. Since it has given good results for 
codling moth control when used on apples 
at the rate of 2 to 3 pounds per 100 gal- 
lons, it has great promise for the control 
of both pear psylla and codling moth on 
pears. 

Determinations of parathion residues 
from samples of leaves and fruit collected 
soon after application, and 7, 14, and 28 
days later, showed that on both the fruit 
and foliage they weathered rapidly, re- 





gardless of the concentration used (Table 
4). Residues remaining after 14 days were 
very light. Incidentally, no ill effects were 
noticed by any of the staff which could be 
attributed to the use of sprays containing 
this material. However, only small plots 
were treated, and no information is avail- 
able as to the reaction of workers exposed 
to this material for long periods of time. 

CHLORINATED CAMPHENE.—A prelim- 
inary test of chlorinated camphene used 
as a 25 per cent wettable powder and as a 
50 per cent emulsifiable solution was 
made on May 27, and the results were not 
especially promising. Nymph counts made 
2 days after the application showed that 
the population was greater than where 
nicotine sulfate sprays were used. In July 
and September additional tests of the 25 
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paste containing 50 per cent of cube root. 
The results were similar to those reported 
in 1946. Two pounds of the ground cube 
root used with 1 gallon of summer oil to 
make 100 gallons of spray reduced nymph 
populations to a low level within 48 hours 
and maintained its effectiveness for at 
least 3 weeks. The paste, which was used 
only in the May tests, gave a high degree 
of control when used with summer oil. 
The paste, however, is much more diffi- 
cult to mix than a powder or liquid. 
Knock-down of adults was high, owing 
largely to the oil present. No spray injury 
was observed. 

HEXAETHYL TETRAPHOSPHATE AND TE- 
TRAETHYL PYROPHOSPHATE.—A technical 
grade of hexaethyl tetraphosphate and a 
commercial preparation containing 50 per 


Table 4.—Parathion residues on fruit and foliage of Kieffer pear trees sprayed on September 3, 


1947.1 








Resipvs (P.P.M.) Arrer 





4 Hours 


7 Days 14 Days 28 Days 





CONCENTRATION 


(PounDs PER 100Gattons) Fruit Foliage 


Fruit 


Foliage Fruit Foliage Fruit Foliage 





24.1 
29.8 
77.5 


0.5 
1 F 


0.8 
1.5 
2.5 
<0. 


Untreated 


0.2 
0.4 
0.6 
0.1 


1 0.8 < 


0. 0.6 
0. 0.9 
0. 1.6 0. 
<0. <0.1 <0. 





Total rainfall between the time the 
sprays were applied and the time 
the samples were collected (inches) 0.00 


0.37 





1 Determinations by P. R. Averell, American Cyanamid Company. 


per cent wettable powder were made at 
increased concentrations, with better 
results. The 4-pound strength reduced 
the nymph population to a low level, and 
the July application held it there for at 
least 9 days and the September applica- 
tion for 23 days. In September 2 and 3 
pounds of the 25 per cent wettable powder 
per 100 gallons also gave effective control 
of the pear psylla, and the nymph popula- 
tion on the treated trees remained at a 
low level for at least 23 days. 

The results of all these tests indicate 
that chlorinated camphene may be supe- 
rior to nicotine sulfate for pear psylla con- 
trol. No injury to the fruit or foliage of 
trees sprayed with this material was ap- 
parent. Immediate kill of adults was low. 

Cuse Root.—Two cube products were 
tested, a ground cube root containing 4.8 
per cent of rotenone and a commercial 


cent of this material were tested during 
May and July. A wetting agent! was used 
with the technical material. In all the tests 
hexaethyl tetraphosphate was used at 8 
ounces per 100 gallons of spray. Immedi- 
ate kill of nymphs present at the time of 
application was high in all instances. 
However, nymphs from eggs present at 
this time were not affected, and the spurs 
were rapidly reinfested. Adult knock- 
down was about the same as with nicotine 
sulfate. Injury in the form of a burned 
ring occurred on an occasional fruit at the 
point where the sprays ran off, and in 
May the 50 per cent mixture caused red 
lesions on new growth. 

A spray containing 4 ounces of tetra- 
ethyl pyrophosphate with 2 ounces of the 
spreader per 100 gallons killed most of 


1 Triton B-1956. 
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the nymphs present at the time of appli- 
cation. Although the immediate kill was 
better than with hexaethyl tetraphos- 
phate, nymphs soon reappeared in num- 
bers as when the latter material was used. 
In all the tests severe ringing of the fruit 
occurred at the point of run-off, and in 
May two different products containing 
this same compound caused many of the 
lenticels on new growth to become swollen 
and red. 

PiPERONYL COMPOUNDS WITH PyYRETH- 
EINS.—Tests were made with four com- 
mercial products containing pyrethrins 
and a piperonyl compound. Two of the 
products contained 0.8 per cent of pyreth- 
rins and 8 per cent of either piperonyl 
cyclonene or piperonyl butoxide. The 
other products contained 4 per cent of 
pyrethrins and 40 per cent of one of the 
piperonyl compounds. 

Piperonyl cyclonene with pyrethrins 
gave high kills of nymphs present at the 
time of application and knocked down 
many adults, as previously reported by 
thewriter. Piperonyl butoxide with pyreth- 
rins was about equally effective. Nymph 
populations built back rapidly, however, 
in all plots, and both materials caused 
some injury this season. Piperonyl cyclo- 
nene with pyrethrins caused the lenticels of 
the leaves to become red when it was ap- 
plied to new growth and injured the fruit 
at the point of run-off when applied to the 
variety Clapp Favorite in July. Injury to 
fruit was greater from the spray contain- 
ing 8 per cent of piperany! cyclonene than 
from that containing 40 per cent. Piper- 
onyl butoxide with pyrethrins caused 
greater injury to fruit at the point of run- 
off than did piperonyl cycionene. The 
solvent used in preparing the formula- 
tions may have been more or less respon- 
sible for the injury they caused this 
season. The piperony! cyclonene tested in 
1946 caused no injury. However, it was 
not used on tender foliage in 1946, as it 
was this season. 

CuLorDAN.—A commercial emulsion 
containing 50 per cent of technical chlor- 
dan was tested once in the May series of 
tests. The results were so poor—only 
about a 50 per cent reduction in the 
nymph population—that the material 
was not tested again during 1947. Chlor- 
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dan caused no plant injury in this test. 
Additional tests with other formulations 
and higher concentrations of chlordan are, 
of course, needed to establish its value for 
control of the pear psylla. 

PyreturuM.—Like chlordan, pyreth- 
rum was used in but a single test in 
1947. In May, 2 pounds of pyrethrum 
flowers in combination with 1 gallon of 
summer oil in 100 gallons of spray reduced 
the nymph population 86 per cent with- 
out injuring the foliage. This reduction 
compared favorably with that effected 
by nicotine sulfate and justifies further 
tests of this material. 

Summary.—Nicotine sulfate, alone and 
with other materials, parathion chlori- 
nated camphene, cube root and oil, hexa- 
ethyl tetraphosphate, tetraethyl pyro- 
phosphate, piperonyl cyclonene with py- 
rethrins, piperonyl butoxide with pyreth- 
rins, chlordan, and pyrethrum with 
oil were evaluated in field tests for con- 
trol of the pear psylla during the summer 
of 1947. 

Nicotine sulfate sprays killed a high 
percentage of the psylla nymphs present 
at the time of application, but.populations 
built back rapidly where they were used. 
Kills were higher at high temperatures, 
and when lime or oil were included in the 
formulation. 

Sprays containing hexaethyl tetra- 
phosphate, tetraethyl pyrophosphate, pip- 
eronyl cyclonene with pyrethrins, and 
piperonyl butoxide with pyrethrins gave 
results similar to those obtained with 
nicotine sulfate sprays and, in addition, 
sometimes injured tender foliage and the 
fruit at the point of run-off. 

Parathion was remarkably effective 
against the nymphs present at the time of 
application and, in addition, held the 
psylla population to a low level for an 
extended period. It caused no plant in- 
jury, and its residues on fruit weathered 
to 0.4 p.p.m. or less in about 2 weeks. 
Chlorinated camphene and cube root 
with oil also showed promise from the 
standpoint of both immediate kill and 
residual effectiveness and caused no in- 
jury. 

Chlordan was comparatively ineffective 
in a single test, but pyrethrum flowers 
showed promise. 
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Fogging with DDT for Japanese Beetle Control 


Groras $. Lanarorp and Rurus H. Vincent, University of Maryland, College Park 


Mosquitoes, flies and Japanese beetles 
present a serious control problem in many 
Maryland communities. Proper spraying 
with DDT has been found to give relief 
from all three of these pests. The conven- 
tional method of spraying, while effective 
is quite expensive, especially in labor and 
time. During the war, fog applicators 
were developed that proved effective for 
giving relief from mosquito and fly 
infestations. These machines are fast and 
economical of time and labor. In the city 
of Cambridge it took three men 30 days 
to spray the city once with conventional 
equipment whereas two men thoroughly 
fogged the city in 3 days. 

During the past summer a fog applica- 
tor was used experimentally in fogging 
eight Maryland cities and towns to de- 
termine the efficiency of DDT as an 
aerosol fog for relief from mosquitoes, 
flies and Japanese beetles. Fogging with a 
5 per cent solution of DDT, in No. 2 
fuel oil, applied as a medium to coarse 
fog particle sizes 40 to 60 microns, give 
relief from flies and mosquitoes, but failed 
materially to reduce Japanese beetle pop- 
ulations. A limited number of beetles were 
killed, but not enough for the operation 
to be considered efficient or satisfactory 
for their control. 

Experimentation gave evidence that 
greatly improved results could be obtained 
through certain adjustments. These ad- 
justments involve consideration and co- 
ordination of meterological conditions, 
size of the fog particles and the amount 
of DDT contained in the formulation 
used. With these factors in proper ad- 
justments, fogs may be used to good ad- 
vantage in many situations for Japanese 
beetle control. 

This paper is based on data obtained 
by fogging, under regulated conditions, 
caged Japanese beetles, a miscellaneous 
assortment of infested home orchards, 
roadsides, corn fields and eight cities or 
towns. Most of the cities and towns 
were fogged from 2 to 4 times. It is pre- 
sented to point out some requirements 
that appear essential for the effective use 
of DDT fogs in Japanese beetle control 
activities. 


Eastern Branch Program, 


MerTEoROLOGICAL ConpiTIons.—Ad- 
verse wind movements and air currents 
may materially affect the efficiency of 
aerosol fogs. Fogging should not be at- 
tempted in strong winds or when air cur- 
rents are moving upward rapidly. Best 
results are obtained under conditions of 
calm with other meteorological factors that 
tend to enable the fog to engulf the area 
under treatment, hang close to the ground 
and hold without rapid dissipation. These 
conditions, in Maryland, seem to occur 
most frequently in late evening or early 
morning. The speed with which a fog is 
drifting or dispersing has a definite in- 
fluence on its efficiency for killing Japa- 
nese beetles. Fast drifting fogs, as those 
encountered with stiff breezes, are rela- 
tively inefficient. 

Foe Particte Size.—In work with 
mist blowers, Potts (1946) has shown 
that droplet or spray particle size will 
influence the deposit of insecticides. It is 
well known that many of the particles in 
a smoke aerosol are so small that their 
insecticidal value is negligible. Foggers 
understand that as they increase the 
particle size of the fog, insecticidal effi- 
ciency is increased. Results in this respect 
are obvious when fogging for Japanese 
beetle control. Fine or dry fogs are rela- 
tively inefficient as compared with coarse 
or wet fogs. With a formulation containing 
5 per cent DDT with the applicator ad- 
justed to deliver a fog with particles rang- 
ing from 40 to 60 microns, 100 per cent of 
all beetles, exposed in cages, at 50 ft. 
from the machine were killed. When 
adjusted to deliver a fog with particles 
10 to 20 microns, only 40 per cent were 
killed. 

Quantity oF DDT In Formu.ation.— 
In fogging for Japanese beetle control a 
rich insecticide mixture should be dis- 
persed. With conventional sprayers. the 
writers have found that as the amount of 
DDT is increased the efficiency of the 
results as they pertain to the quickness of 
kill and lasting qualities is increased. A 
similar relation was observed to occur 
when DDT was applied as a fog. As the 
formula was enriched the efficiency of the 
kill was increased. When a 5 per cent DDT 
solution with particle size 40 to 60 mi- 
crons was dispersed in town fogging, with 
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the machine traveling at 4 miles per hour 
very few beetles would fall to the ground 
and die. When the formulation was en- 
riched to contain 15 per cent DDT the 
streets would be covered with fallen 
beetles. Data on the relative efficiency of 
fogging with formulations containing dif- 
ferent amounts of DDT were gained 
through regulated tests in which beetles 
were caged and fogged. Table 1 shows 
that, as the formulation was enriched the 
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speed with which a fog is drifting or dis- 
persing itself has a definite influence on 
the area over which the fog will kill 
Japanese beetles. 

Data collected on caged beetles, under 
conditions of relative calm in which wind 
velocity varied from 1 to 2 miles per hour, 
showed that the killing range of the hori- 
zontal swath of a fog varied with the 
amount of DDT in the insecticidal formu- 
lation. With formulations containing 20 


Table 1.—Results obtained from fogging for control of Japanese beetles under conditions of calm. 
Machine adjusted to deliver fog particles of from 40 to 60 microns. Observations made on caged 
beetles. Formulations prepared with No. 2 fuel oil and sufficient solvent to put the DDT in solution. 








PERCENTAGE OF BEETLES Down or Deap 





LENGTH OF 


DDT PEeriop 


Distance of Beetles from Applicator 





AFTER 
TREATMENT 


CONTENT OF 
ForMULATION 


100 ft. 


30 ft. 60 ft. 





1 hr. 
5 hrs. 
24 hrs. 


7.5% 


36.5 
29.0 
57.5 


61. £7. 
93. 73 
100. 92 





1 hr. 
5 hrs. 
24 hrs. 


10% 


23.2 
55.0 
92.5 


62. 47. 
90. 87 
99. 96 








1 hr. ; 
5 hrs. 99. 
24 hrs. 100. 
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100. 99. 
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fog became more efficient from the stand- 
point of quickness of knockdown and that 
of total kill at varying distances from the 
applicator. 

With a formulation containing 7.5 
per cent DDT at a distance of 100: feet 
from the machine, 36.5 per cent of the 
beetles were down at the end of 1 hour, 
and only 57.5 per cent were dead at the 
end of 24 hours. With a formulation 
containing 20 per cent DDT the knock- 
down at the end of one hour was 54.5 pec 
cent with 100 per cent of the beetles dead 
at the end of 24 hours. 

The amount of DDT contained in the 
formulation also regulated the distance 
from the applicator at which beetles were 
killed. 

Swatu Wiptu.—The amount of effi- 
cient work that can be done in a fogging 
operation in a given period of time will 
depend on the width of the swath in 
which beetles are killed. Fast drifting fogs 
are relatively inefficient, therefore the 


per cent DDT and fogged at the rate of 
35 gallons per hour, successful kill on 
Japanese beetles was obtained in swaths 
extending 100 feet in the horizontal direc- 
tion and covering heights in the perpen- 
dicular up to 15 feet. Where beetles were 
infesting high bushes or trees, it was 
necessary to stop, momentarily, near the 
base of the tree and direct the fog into the 
tree. Fogs containing 7.5 to 10 per cent 
DDT were generally inefficient at dis- 
tances greater than 50 to 60 feet away 
from the machine. 

It is not intended to infer that beetles 
will not be killed by fogs of the above 
concentrations at greater heights or 
greater distances, but the distances given 
do closely approach those found for 
effective operation. Even within the 
ranges stated “blind spots” in which 
beetles are not killed may occur. Wind 
currents and buildings often deflect the 
fog and bring about these blind spots. 

With either airplanes or conventional 





April 1948 Lanerorp & Vincent: DDT ror Japanese BeetLE ConTROL 


sprayers the writers have noted that good 
kills on Japanese beetles are not obtained 
when less than 1 pound of actual DDT is 
contained in a formulation or mixture to 
be applied to one acre. When airplane or 
conventional methods are used, our rec- 
ommendation is that a minimum of 1 
pound of DDT be applied to each acre 
treated. Caleulations indicate that this 
formula may be useful in preparing con- 


Table 2.—Efficiency of corase fogs (particle 
size 40 to 60 microns) for killing Japanese bee- 
tles, showing the relationship between acreage 
covered (based on dog depths in which 95 to 100 
per cent of all beetles were killed) and the 
amount of DDT in pounds used. 








Per Cent|Per Cent 
Les. OF or DDT 
DDT | Beer.es | in For- 


Usep | KiLLep | MULATION 


AREA 
Cov- 

ERED, 

ACRES 


WIDTH OF 
SwATH IN 
DISTANCE 
CovERED 





7.5 
10.0 
15.0 
15.0 
20.0 


100.00 
96.7 
99.0 
97.5 © 
100.0 


18.0 
24.5 
36.7 
36.7 
49.0 


14.7 
29.0 
29.0 
48 .4 
48 .4 


30 ft. 
60 ft. 
60 ft. 
100 ft. 
100 ft. 

















centrations for fogging. Table 1 shows that 
traveling at the rate of 4 miles per hour 
and dispersing 35 gallons of insecticide, 
the area or swath width in which ap- 
proximately 100 per cent of the beetles 
were killed bears a rather definite relation 
to the amount of DDT in the formulation. 
With a formulation containing 7.5 per 
cent DDT the distance or swath width is 
approximately 30 feet. As the DDT con- 
tent of the formulation is increased the 
area over which approximately 100 per 
cent kill is obtained increases. With a 
formulation containing 20 per cent DDT 
the swath widens to 100 feet. 

Table 2 shows the total acreage that 
would be treated on the basis of these 
different swath depths, the total number 
of pounds of DDT dispersed in treating 
the area and the efficiency of the fogs for 
killing beetles. 
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It will be noted that 100 per cent Jap- 
anese beetle kill was not obtained over 
a 100 foot swath until a 20 per cent DDT 
mixture was used. With a 100 foot swath 
the fog machine killed beetles on approxi- 
mately 48.4 acres. The amount of DDT 
dispersed in the treatment was 49 lbs. 
This same relative proportion seems to 
hold for the other swath widths. A 10 
per cent solution gave 96.7 per cent kill 
at 60 feet. This swath width covered ap- 
proximately 29 acres and the amount of 
DDT used was approximately 24.5 
pounds. 

Concuiusion.—Aerosol fogs containing 
DDT may be used to control the Japanese 
beetle provided meterological conditions, 
fog particle size, and the formulation 
being dispersed are coordinated and in 
proper adjustment. Fast drifting fogs are 
not effective for killing beetles. Best re- 
sults are obtained under conditions of 
calm that permit the fog to engulf the 
area under treatment and hold without 
rapid dissipation. Fine or dry fogs are 
relatively inefficient. Coarse or wet fogs 
are required. The swath width over which 
a given fog will kill beetles is dependent 
in a large measure on the amount of DDT 
contained in the formulation being dis- 
persed. Rich insecticide mixtures are 
much more effective and desirable than 
those containing relatively small amounts 
of insecticides. Where high bushes or 
trees are involved it is necessary to ap- 
proach close to the base of the tree, stop 
momentarily and direct the fog into the 
tree. In preparing formulations for fogging 
to effectively kill Japanese beetles it ap- 
pears necessary to use sufficient DDT so 
that a minimum of 1 pound will be dis- 
persed for each acre treated. With a for- 
mulation containing 20 per cent DDT it 
was possible in these experiments to 
kill Japanese beetles at a distance of 100 
feet from the point at which the fog was 
liberated. 
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Control of the Lettuce Yellows Disease in New York’ 


Donatp Asnpown and Tromas C. Warkuns, Cornell University, Ithaca, N. Y. 


The control of the lettuce yellows dis- 
ease in New York is at present primarily 
an entomological problem as the virus has 
been shown to be transmitted in the field 
in this state only by the six-spotted leaf- 
hopper, Macrosteles divisus (Uhl.). Al- 
though the disease was reported in New 
York as early as 1921 by Coons (1922), 
and has been of considerable importance 
in the principal lettuce growing areas 
since that time, field control has not been 
extensively practiced because of the lack 
of measures which could be relied upon to 
give satisfactory or economical results. 
Average annual losses in the state up to 
1939 were estimated by Linn (1940) at 
from 5 to 6 per cent. Losses from 1939 to 
1946 averaged considerably higher than 
these figures, and in Oswego, Genesee and 
Orange counties where most of the re- 
search reported in this paper was con- 
ducted, losses have been estimated by the 
present writers at over 50 per cent for 
1946, and slightly under this figure for 
1947. In both of these years complete 
loss of individual fields was quite common. 

Pyrethrum and rotenone dusts con- 
taining sulphur gave good results in tests 
conducted by Pepper & Haenseler (1939) 
in New Jersey. Similar dusts gave prac- 
tical control on transplanted lettuce crops 
on Staten Island as reported by Linn 
(1940). These materials have not met with 
success or wide-spread use on seeded let- 
tuce crops in the muckland areas of New 
York. Where they have been tried, they 
have either failed to give any appreciable 
degree of control of the yellows disease or 
have given control only where more ap- 
plications were made than were justified 
on the basis of financial returns from the 
crops. Results of preliminary tests of 
DDT aerosols against six-spotted leaf- 
hoppers were reported by Smith ef al. 
(1945). A high mortality of these insects 
was obtained where the aerosols were used 
on head lettuce in an effort to protect the 
crop from further spread of the aster 
yellows virus. 

Fretp Cace Tests.—Cloth fencing 

Eastern Branch Program. 

1 The majority of the data presented in this paper are also 
being presented by the senior author to the Graduate School of 


Cornell University in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 


was used by Pepper & Haensler (1939) to 
exclude leafhoppers from lettuce and thus 
effect control of yellows. Likewise, cloth 
screens were used by Linn (1940) to ex- 
clude leafhoppers from lettuce grown in 
greenhouses and coldframes. 

In 1942 and 1943 cages of various sizes 
were used on crops of muck-grown lettuce. 
Some cages were placed on portions of 
crops at seeding time and others at vari- 
ous successive stages of plant growth. A 
large cage without canopy was used on 
successive plantings in a plot 50 feet 
square. All tests with cages indicated that 
a high degree of yellows control can be 
obtained by such devices, but that much 
of the lettuce so grown is not marketable 
due to abnormal development and losses 
from fungus diseases. The most important 
information obtained from the tests with 
cages was an indication of the necessity 
for protection of the crop from virulifer- 
ous leafhoppers from the time of emergence 
of the plants until they are well over half 
grown. 

Early experiments with DDT dusts, in 
which successive starting dates of appli- 
cations were used, confirmed the necessity 
of early protection from insect feeding, 
and indicated that DDT might supply a 
large measure of this needed protection. 

Puytoroxicity.—In the numerous field 
tests included in the present report, up to 
eight applications of 5 per cent DDT dust 
at a rate of 100 pounds per acre per appli- 
cation, other applications of DDT con- 
centrations up to 10 per cent, and applica- 
tions of impregnated DDT dusts were 
employed. In none of them were any signs 
of phytotoxicity evident in spite of the 
fact that applications in most of the tests 
were started when the lettuce plants were 
barely large enough to make the rows dis- 
tinct. Aerosol and spray applications con- 
taining DDT also failed to produce any 
toxic symptoms under field conditions. 

Resipves.*—Among the first problems 
to arise in connection with the use of 
DDT on lettuce was that of the possibility 
of harmful residues being left on the crop 
at harvest. It was felt that regardless of 

? Thanks are due Dr. L. B. Norton and his assistants of the 


Cornell Univ. Agr. Expt. Sta. for conducting all of the analyses 
reported in this paper. 
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the degree of control of yellows which 
might be obtained with this material, its 
use could not be justified if harmful 
amounts reached the consumer. Thus, in 
1944, fifty half-grown Iceberg lettuce 
plants were staked out in 5 rows of 10 
plants each. Very heavy applications of 
3 per cent DDT dust were made to all 5 
rows, a week later to 4 of the rows, ete, 
the last treatment being applied to a 
single row only 2 days before harvest. 
After harvest the heads were trimmed and 
separate residue analyses from surface 
washings were run on the trimmings and 
on the trimmed heads as they would be 
packed for market shipment. Some of the 
lettuce which had been treated four times 
was dehydrated, crushed, and washed in 
benzene to determine whether any DDT 
might have been absorbed by the plants. 
The results of the analyses, shown in 
table 1, indicate very strongly that from 
the use of 3 per cent DDT dust no appre- 
ciable residues of DDT should be en- 
countered on the marketable portions of 
heads provided applications are termi- 
nated 3 weeks prior to harvest. Results 
from a larger replicated test conducted in 
1945 verified this conclusion. 


Table 1.—Residues of DDT on lettuce treated 
with 3 per cent dust. 








Trim- TRIMMED 
mincs,! Heaps,! 
P.P.M. P.P.M. 


NUMBER AND DaTEs oF 
APPLICATIONS 





5 (8/14, 8/21, 8/28, 9/5,9/12) 358 211 
4 (8/14, 8/21, 8/28, 9/5) 185 20 
3 (8/14, 8/21, 8/28) 110 
2 (8/14, 8/21) 12 
1 (8/14) 4 


4 (as above, dehydrated after 
benzene washing) 





1 All analyses run on lettuce harvested 9/14. 


In a series of experiments in 1946, 3 
per cent DDT dust was applied to lettuce 
crops at 14, 10, 7, 5 and 3-day intervals. 
Regular-grind, micronized and impreg- 
nated DDT dusts were also applied at 
weekly intervals. Dusts containing 1, 2, 
3, and 10 per cent DDT, and sprays con- 
taining 0.125 per cent regular-grind and 
micronized wettable powders, were ap- 
plied. Amounts of DDT applied ranged 
from 0.3 pound to 3.3 pounds per acre per 
application. In all experiments the ap- 
plications were begun as soon as the 
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lettuce plants emerged from the soil 
and were discontinued 2 to 3 weeks be- 
fore harvest of the crop. The number of 
applications varied from 4 to 14. At har- 
vest 10 heads were taken at random from 
each treated plot and from untreated 
check plots. The heads were weighed, 
pulled apart leaf by leaf, and dried to 
crispness in a greenhouse. Analyses by 
the Schechter & Haller colorimetric 
method revealed less than 1 p.p.m. of 
DDT residue on the sample of harvested 
lettuce from any treated plot. 

In a single test, weekly applications of 
a 3 per cent DDT dust to lettuce plants 
in a small plot were continued until 2 days 
before harvest. Analysis of heads so 
treated showed 4.09 p.p.m. of DDT res- 
idue, again indicating that there is a 
danger of having considerable amounts 
of DDT on harvested lettuce if field ap- 
plications are too long continued. 

Tue DDT Dustine Procram.—Most 
of the lettuce in New York is grown on 
peat, or muck, soil where insecticides can 
be applied most efficiently as dusts. The 
experiments described in this paper were 
conducted on Iceberg lettuce crops and 
were attempts to approach practical con- 
trol under field conditions. Because leaf- 
hoppers are the only means of spread of 
the virus, the percentages of yellowed 
plants at harvest indicate indirectly the 
degree of leafhopper control, probably 
the upper levels of control. It should be 
noted that the incidence of yellowed 
plants normally rises steadily from mid- 
June through July and August, and that 
any value for a treated plot should be 
compared with adjacent checks of similar 
age. Results from series of treatments ap- 
plied at different times during the grow- 
ing season are not directly comparable. 
Leafhopper counts made by sweeping 
during the present series of investigations 
did not seem to give reliable or consistent 
evidence of leafhopper population or con- 
trol and are therefore not included in 
this report. 

Regular grind, mechanically-mixed 
DDT, diluted with fibrous tale or pyro- 
phyllite, was applied with a 4 or 6-row 
self-propelled duster in several experi- 
ments on concentrations, rates of applica- 
tions, and intervals between applications 
as shown in table 2. In the test on concen- 
trations l-acre plots were treated 5 or 6 
times at weekly intervals, using 35 pounds 
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per acre per application. In the test on 
rate of applications, half-acre plots were 
treeted 8 times at 5-day intervals with 
a DDT-pyrophyllite (5-95) dust. In the 
test on interval between applications, 
one-acre plots were treated with DDT- 
tale (3-97) dust applied at a rate of 35 
pounds per acre per application. 

Table 2.—Yellows incidence in lettuce treated 


with DDT dusts at various concentrations, rates 
and intervals between applications. 








Per Cent 
DaTE OF OF PLANTS 


TREATMENT Harvest YELLOWED 





Concentrations: 
1% DDT 
1G DDT 
38% DDT 
Check 


10% DDT 
Check 


Rates 
35 lbs. per acre per 
application 
100 lbs. per acre per 
application 
Check 


Intervals 
Check 
14 days 


8/ 8/46 48 
8/18/46 42 
8/ 5/46 40 
8/ 5/46 76 


9/11/46 33 
8/25/46 86 





8/22/47 25 
8/22/47 14 
8/22/47 





7/21/46 
8/ 3/46 
9/ 4/46 
8/ 2/46 
8/13/46 
7/26/46 
9/14/46 
9/14/46 
9/12/46 
9/12/46 


~ 


10 days 
7 days 


Dor OO Ore 


A 
B 
A 
B 
A 
B 


5 days 
$ days 
Check 





1 Number of applications. 


Orner Formutations or DDT.—In 
addition to the foregoing work with me- 
chanically-mixed regular-grind DDT dust, 
several experiments were conducted with 
other formulations of this active ingre- 
dient. Results of these tests are given in 
table 3 and are grouped according to the 
tests in which the various formulations 
were included. (1) Regular-grind and 
micronized wettable powder were com- 
pared in 4 applications of 0.125 per cent 
sprays applied at a rate of 100 gallons per 
acre per application on replicated plots 
of 0.083 acre each. (2) A regular-grind 5 
per cent DDT dust was compared with 
an aerosol containing 10 per cent DDT, 5 
per cent cyclohexanone, 5 per cent il,! 
20 per cent acetone, 3 per cent pyrethrum? 


1 A.P.S, 202. 
2 Pyrethrum DW20. 
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and 57 per cent methyl chloride. The 
aerosol was dispensed from a rig mounted 
on bicycle wheels which covered 7 rows 
and distributed the material in a fine 
mist. A canvas back-drop was used to 
reduce drift. Six applications were made 
at 5-day intervals. The dust was applied 
at a rate of 35 pounds per acre per applica- 
tion by means of self-propelled row- 
crop duster, and the aerosol was ap- 
plied at a rate of 7.5 pounds per acre per 
application. (3) In 1946 a 3 per cent me- 
chanically-mixed regular-grind dust was 
compared with an impregnated dust con- 
taining only 0.5 per cent DDT. Acre beds 
of lettuce were dusted 3 times at 2-week 
intervals beginning when plants had just 
emerged from the soil. In 1947 a 0.5 per 
cent impregnated dust was compared with 
a 5 per cent mechanically-mixed regular- 
grind dust. Seven applications of each 
material were made on plots of 0.375 acre 
each. (4) A regular-grind dust was com- 
pared with a micronized dust of equal 
content of active ingredient. Both dusts 
were mechanically mixed and applica- 
tions were made with a self-propelled 
row-crop duster to adjacent-acre beds of 
Iceberg lettuce. Applications were begun 
as soon as plants emerged from the soil 
and were repeated at 10 to 12-day inter- 
vals thereafter. Five applications of 
regular-grind dust were made, whereas 
only 4 were made with the micronized dust. 


Table 3.—Yellows incidence in lettuce treated 
with various formulations of DDT. 








Per Cent 
OF PLANTS 
YELLOWED 


Date or 
Harvest 


8/22/46 
8/22/46 
8/22/46 


(2) 5% DDT dust*® 8/13/47 
DDT-pyrethrum aerosol 8/13/47 
Check 8/11/47 


(3) 1946: 
Ht pos o's agerve padi 
-0% regular-grin 
Check 


TREATMENT 





(1) Spray, regular-grind DDT! 
r: ray, ieueed DDT? 








8/ 4/46 
8/ 8/46 
8/18/46 





1947: 

Check 

ree mpnet TOT 
5.0% regular-grin " 
Check 


8/21/47 
8/26/47 
8/26/47 
8/29/47 


(4) 3% regular-grind DDT® 9/ 4/46 
3% micronized DDT? 9/10/46 
Check 8/25/46 








1 Gesarol AK-50. 

2 Cytox 50% Wettable. 
.L.F, Dust #60. 

‘ at Multicide. 

5 G.L.F. Dust $17. 

6 Dry Multicide F-570. 





April 1948 Asupown & Watkins: ControL oF Lettuce YELLOws DisEAsE 


OrneR Marterrats.—In the following 
series of experiments, various dust formu- 
lations of pyrethrum, rotenone, sulphur, 
etc., with and without DDT, were applied 
by means of a self-propelled row-crop 
duster at a rate of about 35 pounds per 
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(dimethoxyphenyl trichloroethane) were 
compared on adjacent l-acre beds of Ice- 
berg lettuce. Fibrous tale was used as the 
diluent. Applications were made at 10- 
day intervals. (2) A dust containing 0.3 
per cent pyrethrins, 30 per cent sulphur 


Table 4.—Yellows incidence in lettuce treated with various DDT, pyrethrum, rotenone and sulphur 


dust formulations. 








TREATMENTS 


Per CENT 
oF PLANTS 
YELLOWED 


Date 
HARVESTED 





(1) DDT-tale (3-97) 
Dimethoxy analog-tale (3-97) 
Check 


9/ 4/46 36 
9/ 1/46 47 
8/25/46 86 





(2) Check 


Pyrethrins*-sulphur-pyrophyllite (.8%-30%-balance) 


DDT-pyrophyllite (5-95) 


Rotenone-sulphur-pyrophyllite (1%-30%-balance) 
DDT"'-pyrethrins*-sulphur-pyrophyllite (5%-.8%-30%-balance) 


Check 


7/28/47 51 
8/ 7/47 $1 
8/12/47 23 
8/22/47 45 
8/17/47 20 
8/30/47 56 





Check 


DDT-pyrethrins-tale (0.5%-0.06%-balance), impregnated 


DDT-tale (0.5%-balance), impregnated 
DDT-tale (3-97) mechanically-mixed 
Check 


8/1 /46 64 
8/14/46 60 
8/ 4/46 33 
8/ 8/46 
8/18/46 





8/26/47 
8/28/47 
8/23/47 


DDT*-pyrophyllite (0.5%-balance), impregnated 
DDT*-pyrethrins-pyrophyllite (0.5%-0.06%-balance), impregnated 
DDT*-pyrethrins-pyrophyllite (0.5%-0.06%-balance), impregnated 


DDT-pyrophyllite (5-95), mechanically-mixed 
Check 
Check 


8/26/47 
8/26/47 
8/29/47 





DDT-pyrophyllite (5-95) 
DDT-sulphur-pyrophyllite (5-30-65) 


DDT-pyrethrins?-sulphur pyrophyllite (5%-.3%-30%-balance) 


Checks 


8/11/47 
8/15/47 
8/11/47 
8/15/47 
8/11/47 
8/26/47 
8/15/47 
8/22/47 





1 From Genitor S-50. 

2 From — flowers y may Ber 6% fe peeetiatan, 
5 From ble Strength Dry Multicid 

4 From DDT-Pyrethrum Dust Demmaneas F-514. 


5 From Double Strength DDT-Pyrethrum Dust Concentrate F-571. 


acre per application. Applications in each 
case were begun as soon as rows were well 
marked by germinating plants, and were 
continued until heads had begun to form. 
At harvest the counts of yellowed heads 
were taken in all treated beds, and in 
adjacent untreated beds for comparison. 
Dust formulations were prepared in 
either a mixing drum or an agitator-type 
dust mixer. Results, grouped according 
to the comparisons made in these tests, 
are given in table 4. (1) Five applications 
of dusts containing 3 per cent DDT and 3 
per cent of the dimethoxy analog of DDT 


and 20 per cent pyrophyllite was com- 
pared with a DDT-pyrophyllite (5-95) 
dust, and with a dust containing 1 per 
cent rotenone, 30 per cent sulphur and 
47.5 per cent pyrophyllite. Adjacent 1- 
acre beds were given 9 applications at 
5-day intervals. Included in this experi- 
ment was also a dust which in addition to 
pyrethrum, sulphur and _pyrophyllite, 
contained 5 per cent DDT. (3) An im- 
pregnated dust containing 0.5 per cent 
DDT plus 0.06 per cent pyrethrins was 
compared with one containing 0.5 per 
cent impregnated DDT alone, and with a 
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mechanically-mixed dust containing 3 
per cent DDT. Four applications were 
made on l-acre beds at 2-week intervals. 
(4) Three impregnated dusts containing 
0.5 per cent DDT were compared with 
each other and with one non-impregnated 
dust containing 5 per cent DDT. (5) A 
test of DDT-pyrophyllite (5-95) dust, 
DDT-sulphur-pyrophyllite (5-30-65) dust, 
and DDT-pyrethrins-sulphur-pyrophyl- 
lite (5-0.06-30-balance pyrophyllite) was 
conducted on replicated half-acre plots. 
Seven or eight applications of these vari- 
ous dusts were made at 5-day intervals. 
For each dust two replicates were em- 
ployed and the results obtained from them 
are given separately in the table. 

Discussion oF Resuuts.—Under field 
conditions in New York, the problem of 
residue of DDT on dusted head lettuce 
was not found to be a limiting factor in 
the use of this material. In all experi- 
ments in which applications of DDT dusts 
and sprays were discontinued as long as 3 
weeks prior to harvest, the residues found 
on the heads as sent to market were far 
under the arbitrary tolerance of 7 p.p.m. 
It might be pointed out that applications 
of insecticidesimmediately prior to harvest 
are of little benefit from the standpoint 
of control of yellows in the particular 
crop treated because healthy plants in- 
oculated with the virus this late do not 
have sufficient time to produce visible 
symptoms. 

As a general rule the application of 
DDT dusts resulted in approximately 
50 per cent reductions in the incidence of 
yellows. The reductions obtained in 1947 
were greater than those in 1946 due pri- 
marily to more complete information on 
the concentrations, rates, and timing of 
applications. Also contributing to this dif- 
ference may have been the fact that in 
' 1947 the leafhopper populations and the 
incidence of yellows were both somewhat 
lower than in 1946. 

While best results were obtained from 
the use of dusts containing as much as 10 
per cent DDT, they were not sufficiently 
better than results obtained with dusts of 
somewhat lower concentrations to justify 
their recommendation. Tests conducted 
for other purposes showed that almost as 
good results could be obtained from use 
of a lower concentration applied more 
frequently to keep new growth covered. 
In some instances dusts containing 3 per 
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cent or less of the active ingredient failed 
to give consistent results, so a content of 
5 per cent was selected for further experi- 
mental work and for suggested use by 
growers. It also appeared that better re- 
sults were obtained from the use of heav- 
ier applications of the 5 per cent material 
than are normally made with dusts on row 
crops, but they were not considered suf- 
ficiently better than applications of 35 to 
40 pounds per acre per application to 
justify their increased cost. Further, it 
was found in tests not reported in the 
present writing, and from numerous ob- 
servations of commercial use of dust, that, 
in general, applications started when the 
lettuce was barely large enough to mark 
the rows distinctly, and repeated at short 
intervals, produced better results than did 
those in which high concentrations or 
heavy doses alone were stressed. An in- 
terval of 5 days between applications 
proved to be the most satisfactory in 
keeping new growth covered while at the 
same time keeping the dusting program 
workable on a commercial basis. 

The tests so far conducted with various 
formulations of DDT have revealed none 
superior to a 5 per cent, regular-grind, 
mechanically-mixed dust. Sprays were 
were not extensively investigated because 
of the weight limitations involved. In a 
single test of sprays, neither regular grind 
wettable powder nor micronized wettable 
powder gave any appreciable control of 
yellows, although their failure can most 
likely be attributed to the small size of 
the experimental plots. 

An aerosol containing a high percent- 
age of DDT plus pyrethrum gave control 
comparable to that obtained from a 5 per 
cent dust. Whether this manner of apply- 
ing the active ingredients can be made 
economical under New York conditions 
depends upon future research on lower 
concentrations and cheaper propellents. 

The most interesting result obtained 
from work with the various formulations 
of DDT was that of the effectiveness of 
the impregnated dusts tested in 1946 and 
1947. In both of these years impregnated 
dusts containing only 0.5 per cent DDT 
gave as good reductions in incidence of 
yellows as did the 3 per cent or 5 per cent 
regular-grind, mechanically-mixed dusts 
with which they were compared. As already 
indicated, none of these materials left any 
appreciable residues of DDT at harvest. 
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In a single test in which a regular-grind 
DDT was compared with a micronized 
material of equal content of active in- 
gredient, the results obtained were almost 
identical; both materials gave better than 
50 per cent reductions in yellows. In an- 
other test, a dimethoxy analog of DDT 
gave a fair degree of control of yellows, 
but it did not equal the effectiveness of 
the DDT. 

Extensive tests conducted during the 
past two years showed no benefits from 
the addition of sulphur or pyrethrum to 
the mechanically-mixed DDT dust. 
Neither did combinations of rotenone and 
sulphur, or pyrethrum and sulphur, with- 
out DDT give as marked reductions in 
yellows as did DDT alone. 

In the summer of 1947, a series of 7 
beds averaging from 1 to 2 acres in size, 
but not planted in regular succession, 
were dusted with 5 per cent DDT applied 
at 5-day intervals up to within 3 weeks of 
harvest. It was observed that beds which 
were still being dusted on both sides of a 
bed approaching harvest, or being har- 
vested, acted as treated barriers to cut 
down the numbers of leafhoppers surviv- 
ing after migration from the older bed. 
In support of this observation it was evi- 
dent that a higher degree of control of 
yellows was obtained in the plantings of 
mixed ages than was generally obtained in 
those in regular succession. It was also 
observed that each harvested bed of let- 
tuce contained numerous uncut rejected 
plants, many of which were yellows- 
infected. These plants served as hosts to 
vast numbers of leafhoppers which were 
foreed to migrate as a result of disking 
operations. The numbers of insects mi- 
grating were greatly reduced by thoroughly 
dusting the beds with 5 per cent DDT 
after harvest but before disking of the 
crop residue. Where mixed plantings and 
clean-up dust applications were employed 
conclusive data were difficult to obtain, 
but both practices appeared to be worthy 
of further investigation. 

ArrcraFT APPLICATIONS.—Two 4-acre 
blocks of lettuce were treated with 5 per 
cent DDT dust at approximately 5-day 
intervals by a fixed-wing plane! and by 
an agricultural model helicopter.?. The 
blocks were broken into four beds each for 
convenience in planting and harvesting. 


1 Stearman P.T. 17. 
2 Bell Aircraft Corp. 
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Six applications at an approximate rate 
of 35 pounds per acre per application 
were made with the fixed-wing plane, and 
ten or eleven applications with the heli- 
copter. The four beds treated by fixed- 
wing plane contained an average of 15 
per cent yellowed plants as compared 
with an average of 24 per cent in the beds 
treated by the helicopter. The difference 
observed may have been due to the fact 
that while the fixed-wing plane applica- 
tions were started a little later than those 
by helicopter, they were made on earlier 
planted lettuce which would normally be 
expected to contain fewer yellowed plants 
at harvest. The most important observa- 
tion made during the course of the test 
was that, despite the lack of a nearby un- 
treated check for direct comparison, un- 
treated fields in the general area in which 
the tests were conducted ran probably 
twice as high in incidence of yellows. 

Summary.—As a result of preliminary 
tests on the cloth screening of lettuce from 
attack by six-spotted leafhoppers, it was 
found that protection was necessary from 
the time of emergence of plants until 
they were well over half-grown in order 
to effect any appreciable control of the 
yellows disease. DDT in the form of a 
mechanically-mixed dust proved effective 
when applied throughout this period. 

The most effective and economical dust- 
ing program developed from the numer- 
ous field tests was one in which 5 per cent 
DDT dust was applied at a rate of 35 
pounds per acre per application when ap- 
plications were begun as soon as the let- 
tuce rows were well marked by germinat- 
ing plants and were repeated at 5-day 
intervals to within an estimated 3 weeks 
of harvest. 

Various other formulations of DDT 
were subjected to field tests but none of 
them proved superior to the regular-grind, 
mechanically-mixed dust. Outstanding 
among the formulations tested were the 
dusts in which the DDT in solution was 
impregnated on a carrier before being 
mixed with a diluent. Impregnated dusts 
of DDT content of only 0.5 per cent gave 
results comparable to those obtained 
with the 5 per cent dry-mixed material. 

No benefits were derived from the addi- 
tion of sulphur or pyrethrum to the me- 
chanically-mixed dusts. Neither did ro- 
tenone and _ sulphur, or pyrethrum 
and sulphur, prove as effective without 
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DDT as did the DDT when used alone. 
The use of regularly-dusted plantings 
of lettuce beds in which adjacent crops 
had an age differential of approximately 
3 weeks, together with an application of 
5 per cent DDT dust between harvesting 
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and disking operations, appeared to pos- 
sess considerable merit. 

In a single test in which aircraft were 
used to apply DDT dust both a fixed- 
wing plane and a helicopter proved ef- 
fective. 
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Insecticidal and Phytotoxic Properties of Plant Dips 
Used to Control the European Chafer 


F. L. Gamprety, N. Y. Agr. Expt. Sta., Geneva,’ and A, C. Mason, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine?* 


The practicability of controlling larvae 
of the European chafer Amphimallon 
majalis Raz. in lawns and similar turf 
areas through the use of residual soil 
treatments has already been demonstrated 
(Gambrell 1946). A safe and efficient 
treatment is also desired for balled and 
burlapped nursery stock in order to pre- 
vent dissemination of the pest. Prelimi- 
nary experiments indicated that third- 
instar larvae were susceptible to ethylene 
dichloride when this was used as a plant 
dip on balled and burlapped nursery stock 
(Gambrell 1942). Later studies (Gambrell 
1945; Mason 1945) demonstrated that 
dips containing ethylene dichloride either 
alone or in combination with ethylene 
dibromide were quite toxic to larvae but 
the latter material caused injury to some 
species of plants if used during the grow- 
ing season. 

The object of the studies reported here 
was to determine the relative effectiveness 
of various concentrations of ethylene 
dichloride, ethylene dibromide, or a 
combination of these chemicals, on grubs 
of the European chafer when used as 
plant dips on balled and burlapped nurs- 


Eastern Branch Program. 

1 Journal paper No. 736, New York State Agricultural Ex- 
periment Station, Geneva, N. Y. 

2 The work reported here was conducted under a cooperative 
arrangement between the United States Department of Agricul- 
ture, Bureau of Entomology and Plant Quarantine and the New 
York State Agricultural Experiment Station. 


ery stock, on bare oils or seed beds as a 
surface application, and the possible 
phytotoxic effect of these materials on 
various species of evergreens. 

MATERIALS AND Metuops.—The ma- 
terials used in this series of tests were 
ethylene dichloride, ethylene dibromide 
and chlordane. Ethylene dichloride was 
used in the form of an emulsible mixture 
which contained 97.5 per cent by weight 
of active ingredient and 2.5 per cent of a 
surface-active agent (a polyoxyalkylene 
derivative of sorbitan monolaurate).’ 
Ethylene dibromide was also used as an 
emulsible mixture containing 16 per cent 
by weight of ethylene dibromide, 81.5 
per cent of ethylene dichloride and 2.5 
per cent of the wetting agent.' The effec- 
tiveness of both of these mixtures for the 
control of Japanese beetle larvae has been 
demonstrated (Mason et al. 1943; 1946). 
Their preparation and use have also been 
described (Chisholm et al. 1944, 1946). 
Chlordan was used as an emulsible mix- 
ture containing 15 per cent by weight of 
chlordan, 82.5 per cent of ethylene 
dichloride and 2.5 per cent wetting agent,’ 
These various mixtures were further 
diluted with water at rates indicated in 
tables 1 to 3. 

The plant materials were supplied by 
the nurserymen who cooperated in this 


3 Tween 20. 
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project. Trees were dug, balled, burlapped 
and handled according to regular nursery 
practices. These plant balls averaged 
about 8 to 10 inches in diameter. For the 
insect toxicity studies the plant balls 
were artificially infested with a known 


posure period. The checks were dipped in 
water and similarly handled. Following 
this the plant balls were broken down, 
grubs removed and placed in 2-ounce 
partitioned salve tins containing soil and 
grass seed. Records on grub mortality 


Table 1.—Mortality of Amphimallon majalis larvae in plant balls which were dipped under various 
conditions in ethylene dichloride, in a mixture of ethylene dichloride and ethylene dibromide, and in 


water alone. 











DosaGE Expo- TEMPER- Per Cent 
DaTE ML. PER SURE, ATURE No. or No. Gruss No. Dean Mor TALity 
1946 GAL. Days °F. Batts RECOVERED 3 WEEKS 3 WrEEkKs 
97 .5% ethylene dichloride 
4/ 6 20 2 50 5 114 110 96.5 
4/11 20 1 50 4+ 114 1138 99.1 
4/12 20 5 50 4 102 100 98.0 
4/19 30 1 60 5 169 168 99.4 
4/22 30 2 57 + 163 163 100.0 
4/29 30 1 40 6 171 164 95.9 
4/29 30 2 40 8 211 210 99.5 
5/21 30 1 40 7 164 157 95.7 
5/21 30 2 40 7 165 165 100.0 
16% ethylene dibromide 
4/ 6 2.5 2 50 5 108 102 94.4 
4/11 2.5 ‘ 1 50 4+ 11] 107 96.4 
4/12 2.5 5 50 4 129 129 100.0 
4/19 5.0 1 60 5 174 174 100.0 
4/22 5.0 2 57 5 162 162 100.0 
4/29 5.0 1 40 6 176 176 100.0 
4/29 5.0 2 40 7 219 218 99.5 
5/21 5.0 1 40 7 159 158 99.4 
5/21 5.0 Q 40 7 165 165 100.0 
6/17 2.0 6 70 10 203 203 100.0 
6/17 2.0 5 40 8 204 204 100.0 
6/17 1.0 6 70 8 189 188 99.5 
6/19 1.0 5 40 7 181 181 100.0 
Checks—Dipped in water 

4/ 6 2 50 6 100 23 23 .0 
4/11 1 50 5 110 25 22 .7 
4/12 — 5 50 4 116 52 44.8 
4/29 — 1 40 5 139 25 18.0 
4/29 _— 2 40 5 131 24 18.3 
5/21 — 1 40 4 97 40 41.2 
5/21 — 2 40 4 96 39 40.6 
6/17 — 6 70 4 82 34 41.5 
6/17 5 40 5 94 26 27.7 





number of third-instar larvae (usually 20 
to 25, depending upon the size of the ball) 
by punching holes through the burlap and 
inserting one grub in each opening, plug- 
ging the entrance and allowing the in- 
fested trees to remain in the packing 
cellar several days prior to dipping. These 
soil balls were dipped for 10 seconds in the 
solution containing the fumigant, allowed 
to drain 1 to 2 minutes and kept in com- 
pact groups on the floor of the nursery 
packing cellar or refrigerated room at a 
predetermined temperature and_ ex- 


were taken at weekly intervals over a 
period of 3 weeks and the data given in 
tables 1 and 2 represent accumulated 
mortality. 

For the surface application test plots 
1 square yard in area located in an 
empty seed bed, were infested with third- 
instar larvae at the rate of 200 per square 
yard. After standing for 5 days these 
plots were treated with various materials, 
using 1 gallon of the diluted mixture per 
square yard, and digging records on grub 
mortality were obtained 11 days later. 
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Following this the grubs were held in 
salve tins as described above. In the plant 
injury tests uninfested plant balls were 
treated in the same manner as described 
in the grub toxicity studies above but the 
trees were planted out in the nursery row 
after 24 hours. The soil and burlap were 
allowed to remain around the roots. 
Resutts with Pxiant Drps.—Grub 
mortality records are given in table 1. 
It will be observed that both ethylene 
dichloride and ethylene dibromide were 
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in these particular tests. A holding period 
of 5 days following fumigation did not 
show an appreciable increase in mortality 
over the 2-day period. From a total of 
1373 grubs used in several tests at 20 ml. 
and 30 ml. per gallon the per cent mor- 
tality ranged between 95.7 and 100. 
Ethylene dibromide when used at 2.5 
ml. per gallon was practically as effective 
as 20 ml. of ethylene dichloride. Also 
grubs were killed more rapidly than when 
ethylene dichloride was used alone. A 


Table 2.—Mortality of Amphimallon majalis larvae in soil plots (seed beds) three weeks after 
treatment with different concentrations of ethylene dibromide and of chlordane. Treatment was made 
June 24 and plots dug July 5, 1946 for recovery of various stages. 








CoNCENTRATION 
Mt./Gat. 
PER Sq. Yb. 


Tora. No 


PLot No. 
RECOVERED PuPaE 


No. 


No. LARVAE 


Alive Dead 


Per CENT 
Mortauity! 





No. 
PREPUPAE 





20 83 
20 102 0 
10 80 0 
10 101 0 


20 123 25 
10 126 80 
10 105 66 

5 135 107 


BD IARH m te 


16 per cent ethylene dibromide 
0 0 


83 100.0 
0 100.0 
3 76 95.0 
0 100.0 


15 per cent chlordane mixture 


83 15 12. 
30 16 12, 
16 23 21.{ 
12 15 “iad 


Check 


= 102 86 


— 


13 2 1.$ 





1 Accumulated mortality of larvae 3 weeks after treatment. 


used at several concentrations and tem- 
peratures and that the trees were held for 
different periods following treatment. For 
the most part, the highest mortality oc- 
curred during the week following treat- 
ment; also the higher concentrations, 
longer exposure periods and higher tem- 
peratures appeared to favor higher grub 
mortality. 

Ethylene dichloride, when used as a 
plant dip at the rate of 30 ml. per gallon, 
showed somewhat higher grub mortality 
at the end of the 3 weeks when the plant 
balls were held during the post-dipping 
period at 60° F. than when held at 40° F. 
The mortality of grubs from the 30 ml. 
concentration was about the same when 
held for 48 hours at 40° F. as compared 
with the same treatment with an exposure 
period of 24 hours at 60° F. Table 1 also 
shows that in only 2 out of 9 tests did 
ethylene dichloride give complete kill 
and in both instances the 30 ml. per gallon 
dosage was used. In no case did the 20 
ml. concentration give complete control 


total of 13 groups of plant balls, involving 
2180 larvae, were dipped in ethylene 
dibromide at concentrations of 1 ml., 
2 ml., 2.5 ml., or 5 ml. per gallon. Grub 
mortality varied from 99.4 to 100 per cent 
for the 2.5 ml. dosage, 100 per cent for the 
2 ml. dosage and 99.5 to 100 per cent for 
the 1 ml. dosage after 3 weeks. Concen- 
trations of 5 ml. or higher per gallon 
proved quite toxic to plants (Table 3). 
RESULTS OF SURFACE APPLICATIONS. 
Surface applications were made in an 
effort to determine the possibility of 
controlling grubs in seed beds and as a 
means of disinfesting large plants in the 
nursery row prior to digging. Preliminary 
experiments conducted during 1945 indi- 
cated that the application of 10 ml. of 
ethylene dibromide per gallon per square 
yard on bare ground, weed plots, grass 
plots and turf gave from 82.9 to 100 
per cent control of third-instar larvae 
3 weeks after application. Fully grown 
third-instar larvae proved more difficult 
to kill than younger third-instar larvae. 
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Soil type and moisture conditions ap- 
peared to be factors affecting grub control 
both in plant ball dips and in soil which 
received a surface application. Data pre- 
sented in table 2 shows that concentra- 
tions of both 20 ml. and 10 ml. of ethylene 
dibromide per square yard in replicated 
plots, produced 95 to 100 per cent grub 
mortality whereas similar concentrations 
of chlordane gave only 12.2 to 21.9 per 
cent mortality. Transformation of larvae 
to the pre-pupal and pupal stages was 
very noticeable in the chlordane plots 
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ml. of ethylene dibromide on the surface 
of the soil. No plant injury resulted from 
these treatments. 

For the plant toxicity studies in 1946 
groups of 25 trees each of Douglas fir, 
concolor fir, Colorado spruce, Japanese 
yew, mugho pine, Irish juniper and pyram- 
idal arborvitae were dug, burlapped in 
8 to 10-inch balls, dipped, and held in the 
packing shed for 24 hours prior to treat- 
ment as indicated in table 3. These trees 
were dipped on April 5, 1946, according 
to the same procedure as that used in the 


Table 3.—Number of trees apparently normal the first and second year after being dipped in either 
ethylene dichloride or ethylene dibromide as used in experiments for control of Amphimallon majalis. 
Five trees of each species were used in each group. Trees dipped on April 5 and planted April 6, except 
Norway Spruce which was treated on June 17 and planted June 19, 1946. 








CoNcEN- 
TRATION 


ML. Fir Fir 


Dovuctas Concotor CoLorapo JAPANESE 
Spruce 


Pyram. 
ARBOR- 
VITAE 


Norway 
SPRUCE 


Trisu 


Yew JUNIPER 





PER 
MATERIAL Ga. 7 1 


2 


1 2 1 1 2 





Ethylene dichloride 


30 2 
Ethylene dichloride 5 


20 


0 
5 
0 
5 


Ethylene dibromide 10 0 
Ethylene dibromide 5 2 


Ethylene dibromide 2 
Ethylene dibromide 1 —_ 


Check (dipped in wa- 
ter) 


0 
+ 
0 
3 


3 
5 


5 
5 
3 
4 





l=first year after treatment. 
2=second year after treatment. 


while only one larva and 3 prepupae were 
observed in the ethylene dibromide plots. 

Resuuts oF PLtant TOLERANCE Tests. 

‘In preliminary tests during 1945 it was 
shown that Douglas fir, concolor fir, 
Norway spruce, Japanese yew and pyram- 
idal arborvitae were seriously injured by 
dips containing 10 ml. and 20 ml. per 
gallon of ethylene dibromide. The fol- 
lowing kinds of seedling plants, 2 to 4 
years old, located in the seed bed were 
treated during the summer months with 
concentrations of 10 ml. and 20 ml. per 
gallon per square yard of ethylene di- 
bromide applied as a surface application 
without any visible injury:—White fir, 
concolor fir, white spruce, Colorado 
spruce, Black Hills spruce, white pine, 
Oriental arborvitae, purple barberry, Rosa 
humilis, and Viburnum opulus sterilis. In 
another test two trees each of Irish juni- 
per, Norway spruce and concolor fir, 18, 
to 36 inches in height, were treated in the 
nursery row during the growing period by 
applying 1 gallon per square yard of a 
solution containing 10 ml., 20 ml. and 40 


insect toxicity studies mentioned above. 
After 24 hours exposure the trees were 
planted in 3.5 foot rows with trees 3 feet 
apart. The soil and burlap were allowed 
to remain around the roots. Following this 
the trees received the same cultural prac- 
tices as that of other plants in the nurs- 
ery. A preliminary record as to condition 
of trees was obtained on July 10, 1946, 
approximately 3 months after planting: 
final records on plant injury were taken 
on August 11, 1947, the second year after 
treatment (Table 3). 

Another group of 15 Norway spruces 
was dug on June 14, 1946 during the grow- 
ing period, and burlapped in 8-inch balls. 
They were held in the packing shed until 
treated on June 17. These trees were di- 
vided into groups of 5 trees each and were 
dipped in either one of the 2 concentra- 
tions of ethylene dibromide indicated in 
table 3, or in water, Trees were planted in 
the field on June 19 and handled according 
to the procedure described for the other 
treatments mentioned above. 

Table 3 gives the data showing the 
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number of trees which appeared to be 
growing normally at two dates following 
the plant dip treatments. It will be ob- 
served that ethylene dibromide when used 
at the rate of 10 ml. per gallon proved 
quite toxic to all species of evergreens 
tested but that at the 5 ml. dosage more 
trees of all species survived or were less 
seriously injured. Bud scales on the Jap- 
anese yew and Irish juniper trees were 


ay 
j 
| 
| 


Fic. 1.—Condition of Douglas fir trees 18 months 
after treatment. Top: Dipped for 10 seconds in mix- 
ture of ethylene dibromide at rate of 5 ml. per gal. 
Center: Dipped for 10 seconds in mixture of ethylene 
dichloride at rate of 20 ml. per gal. Bottom: Check, 
dipped in water only. 


just beginning to separate and show a 
trace of green color at the time of treat- 
ment. While other species displayed little 
or no visible evidence of new growth at 
the time of treatment, plant growth was 
observed on these same species of ever- 
greens in the nursery shortly afterwards. 
The Norway spruce trees which were dug 
on June 14 during the growing period and 
dipped on June 17, 1946, in solutions 
containing either 1 ml. or 2 ml. per gallon 
of ethylene dibromide continued to grow 
normally, with the exception of one tree 
in each treatment. Considering that the 
growth of the 4 remaining trees in each 
treatment compared favorably with that 
of untreated trees it does not appear that 
ethylene dibromide at these latter concen- 
trations was particularly injurious. 

Plant injury varied both with the spe- 
cies of tree tested and with the material 
and concentration used. Some trees were 
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retarded in growth, others turned brown 
in color and died within a few weeks. 
Figures 1 and 2 illustrate the variation in 
the amount of injury which occurred 
when Douglas fir trees were dipped in 
ethylene dichloride at 20 ml. and ethylene 
dibromide at 5 ml. per gallon. These 
conditions are fairly typical of all the 
species used in this experiment. 


Summary.—A fumigant containing 


Fic. 2.—Condition of pyramidal arborvitae 18 
months after treatment. Top: Dipped for 10 seconds 
in mixture of ethylene dibromide at rate of 5 ml. 
per gal. Center: Dipped for 10 seconds in mixture 
of ethylene dichloride at rate of 20 ml. per gal. 
Bottom: Check, dipped in water only. 


ethylene dichloride was used as a plant 
dip at concentrations of 20 ml. and 30 ml. 
per gallon for the control of third-instar 
larvae of the European chafer. At 20 
ml. per gallon ethylene dichloride gave 
96.5 to 98.0 per cent mortality and was 
not injurious to the trees. At 30 ml. per 
gallon 95.7 to 100 per cent mortality 
was obtained but complete control was 
observed in only two instances where the 
30 ml. dosage was used. Likewise, more 
plant injury occurred. Ethylene dibromide 
was used at concentrations of 1, 2, 2.5 and 
5 ml. per gallon in plant ball dips. At dilu- 
tions of 1, 2, and 2.5 ml. per gallon 
ethylene dibromide gave 94.4 to 100 per 
cent mortality. This is of particular inter- 
est since at concentrations of 5 ml. and 
10 ml. this mixture proved quite toxic to 
a number of species of evergreens. 
Ethylene dibromide when used at the 
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rate of 20 ml. or 10 ml. in 1 gallon per 
square yard as a surface application on 
soil gave 95 to 100 per cent control of 
third instar larvae. A chlordane-ethylene 
dichloride mixture when used at similar 
dosages gave from 12.2 to 21.9 per cent 
control. Further information is necessary 
to demonstrate the practicability of such 
a method of treatment for control of the 
European chafer. 

Plant tolerance tests were conducted on 
8 species of evergreens consisting of 5 
trees in each treatment. All species, except 
Norway spruce, were dipped on April 4, 
1946, in solutions containing either 30 
or 20 ml. of the ethylene dichloride mix- 
ture or in either 10 or 5 ml. of the ethylene 
dibromide mixture. Norway spruce were 
treated June 17, 1946, with 1 and 2 ml. of 
ethylene dibromide per gallon of water. 
An equal number of each species of tree 
was also dipped in water. Ethylene di- 
chloride at the 20 ml. concentration as a 
plant dip did not appear to affect the 
trees adversely while the 30 ml. dosage 
caused noticeable injury to all species 
except concolor fir, Japanese yew, Irish 
Juniper, and pyramidal arborvitae. Ethyl- 
ene dibromide at both 5 ml. and 10 ml. 
dosages in dipping tests caused severe 
injury in most instances. Pyramidal ar- 


borvitae, when dipped in the 5 ml. con- 
centration, had little or no visible injury. 
The 5 ml. concentration appears too toxic 
for general use as a plant dip on the plant 
species tested. It is recognized that 5 
trees is too smal] a number on which to base 
recommendations with reference to plant 
injury and that further experiments are 
necessary to establish the practicability 
of using ethylene dibromide as a plant dip 
for the control of the European chafer. 
Nevertheless, on the basis of limited tests 
in which concentrations of 1 ml., 2 ml. 
and 2.5 ml. of ethylene dibromide caused 
a high mortality of third instar larvae, 
coupled with the fact that Norway spruce 
trees when dipped in concentrations of 
1 ml. and 2 ml. per gallon showed a high 
survival, there is reason to expect that 
this material has possibilities. However, 
further experiments are necessary to es- 
tablish definitely the possible role of 
ethylene dibromide asa plant dip on balled 
and burlapped evergreens for the control 
of the European chafer. Under the condi- 
tions tested ethylene dichloride at the 
rate-of 20 ml. per gallon of water shows 
definite promise as a safe and effective 
treatment for the control of European 
chafer larvae in balled and burlapped 
nursery stock. 
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Knipetinc Recerves Mepau or Merit 


Dr. E. F. Knipling, at present in charge of the 
Division of Insects Affecting Man and Animals of 
the Bureau of Entomology and Plant Quarantine, 
has been awarded the Medal of Merit by the Depart- 
ment of National Defense for his outstanding serv- 


ices during the war period. This supplements other 
awards received by Dr. Knipling and gives further 
emphasis to the work done by him and his associates 
which contributed so largely to the successful prose- 
cution of the war. 





Chlorinated Camphene for Control of Eastern Tent 
Caterpillar, Boxwood Leaf Miner and Bagworm' 


L. A. Stearns, J. C. Warren and W. LeRoy Parker,’ University of Delaware, Newark* 


Parker & Beacher (1947) summarized 
developmental work on chlorinated cam- 
phene,* provided complete data covering 
its toxicity to several household pests, and 
presented a few facts indicating its pos- 
sible value as an agricultural insecticide. 

The status of chlorinated camphene in 
the field last-mentioned, was investigated 
further in 1947. Results, reported herein, 
include only those obtained in tests against 
the eastern tent caterpillar, Malacosoma 
americana (F.), the boxwood leaf miner, 
Monarthropalpus buxi Laboulb., and the 
bagworm, Thyriodopteryx ephemeraeformis 
(Haw.). Some consideration is given, also, 
to the phytotoxic effect of the sprays on 
ornamentals. 

EasteERN TENT CATERPILLAR.—These 
tests were conducted in a sizable area of 
wild cherry growth on farm land of the 
Worth Steel Company, Claymont, Dela- 
ware. A total of 200 representative trees, 
from 6 to 8 feet in height were se- 
lected to accommodate nine treatments 
and an unsprayed check of 20 trees each. 
The treatments included chlorinated cam- 
phene DDT, benzene hexachloride,® lead 
arsenate and lime (the usual control, as 
recommended by Wadley, 1947), and 
sulfur at five dosage-levels (to test the 
conclusions of MacLeod, 1937). 

Hatching of this insect commenced 
April 12. Treatments were applied April 
23. Control data (as total active nests) 
were recorded April 30, May 9 and 16. 
On the treatment date, larvae were 0.25 
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inch in length, nests varied from 2 to 3 
inches in size and averaged 6.25 per tree; 
on April 30, larvae were 0.5-inch in length 
and nests varied from 4 to 5 inches in 
size; on May 9, larvae varied from 1 to 
1.25 inches in length and nests varied 
from 8 to 10 inches in size; and on May 
16, larvae were full-grown and migrating. 
Results are given in table 1. 

Both chlorinated camphene and DDT 
(1 lb. to 100 gals.) gave 100 per cent 
control within a week; lead arsenate and 
lime (3 Ibs. & 6 !bs. to 100 gals.), 100 per 
cent, and benzene hexachloride (3 Ibs./100 
gals.), 98 per cent within 2 weeks; and 
sulfur (6 to 30 lbs. to 100 gals.), no more 
than 95 per cent within 3 weeks. The ac- 
tion of sulfur at all five dosages was too 
slow to prevent extensive feeding. 

Boxwoop Lear M1ner.—Specimen 
box on the grounds of Friends School, 
Wilmington, Delaware, and on _ three 
estates in the suburbs (Greenville) of that 
city were treated on May 12 with chlor- 
inated camphene, DDT, benzene hexa- 
chloride and molasses-nicotine sulphate 
(for many years, the standard control- 
combination; Weiss & Baumhofer, 1940). 

The foliage of this box was moder- 
ately to thickly inhabited by this insect, 
with all miners in the pupal stage. Ten 
samples of 100 leaves each averaged 67 
per cent infested and 3.6 miners per leaf. 
Emergence occurred between May 14 and 
19. Control data, as recorded on Septem- 
ber 29 by examination of 10 additional 
samples of 100 leaves each, are presented 
in table 1. 

Chlorinated camphene and DDT (both 
at the rate of 2 lbs. to 100 gals.) and the 
molasses-nicotine sulphate combination, 
as well, gave 100 per cent control. At the 
reduced rate of one pound per 100 gallons, 
DDT proved slightly less effective and 
chlorinated camphene decidedly less ef- 
fective. Results with benzene hexachloride 
were unsatisfactory. The molasses-nico- 
tine sulphate combination is, obviously, 
almost prohibitive in cost. 

BaGworm.—Sycamores, 50 feet or more 
in height near Centerville, Delaware, 
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were sprayed with chlorinated camphene 
DDT, benzene hexachloride, lead arsenate 
and soybean flour (a widely-published 
control mixture; Metcalf & Flint, 1939), 
and sulfur at two dosage-levels. These 
trees had been severely damaged by this 
pest in 1946 and the few which were left 
unsprayed in 1947, were again completely 
defoliated. 


CHLORINATED CAMPHENE FOR TREE PEsts 
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Puytoroxiciry.—Chlorinated cam- 
phene sprays were applied to 52 species 
of deciduous trees and shrubs (Table 2) 
and to 19 species of evergreens (Table 3). 
Thesprays were applied with acompressed- 
air, knapsack spfayer! and were tested for 
phytotoxicity at 0.5, 1, 2, and 4 pounds of 
this insecticide per 100 gallons of water. 
When DDT wascompared with chlorinated 


Table 1.—Summary of spray tests against eastern tent caterpillar, boxwood leaf miner, and bag- 


worm, Delaware, 1947. 








Rates AND’ Cost 


Per 100 | 
Spray MATERIALS Gals. | 


Total 


Eastern ‘Tent 
Caterpillar Miner 


EXTENT OF Comrnon 


"Boxwood Leaf 





Chlorinated camphene 
(Chlorinated camphene 
25-W, 8 lbs.) 
(Chlorinated camphene 1 Ib. 
25-W, 4 lbs.) 


2 Ibs. $ 1.92 


100% in one week 


100% in one test 


68% in one test 92% in first week 


59% av. for four weeks 





) 
(50-W, 4 Ibs.) 2 lbs. 
(50-W, 2 lbs.) 1 Ib. 





100% in one week 


100% in one test 
98% av. for three 
tests 


64% in first week 
22% av. for four weeks 








Benzene hexachloride 3 lbs. 


90% in one week 
98% in two weeks 


40% in first week 


58% in one test 
14% av. for four weeks 


29% in one test 








3 lbs. 
6 lbs. 


Lead arsenate 
Spray lime 





97% i in one week 
100% in two weeks 





Lead arsenate 6 lbs. 
Soybean flour! 4 oz. 


61% av. for four weeks 


| | 100% in first week 





Molasses 20 gals. 
Nicotine sulfate 40% 1 qt. 


| 100% in one test | 





Sulfur? 6 lbs. 


91% in three weeks | 


6% av. for four weeks 


| 





Sulfur 12 lbs. 


91% in three weeks 


| 0% in first week 








Sulfur 18 Ibs. 


92% in three weeks | 





Sulfur 24 Ibs. 


95% in three weeks | 


0% i in first week 
18% av. for four weeks 





Sulfur | $0 Ibs. 


| 95% in three weeks 





1 Sulforon. 
2Spraysoy. 


When sprays were applied on July 14, 
the young bagworms averaged 0.25 inch 
in length. Control data were recorded both 
from observations on the extent of feeding 
on the trees and from mortality noted 
in weekly cage-tests commencing July 15, 
24 and 30 and August 6. Results are in- 
cluded in table 1. 

Only two treatments proved adequate 
—the lead arsenate-soybean flour mixture 
and the chlorinated camphene. In the 
cage-tests, lead arsenate effected 100, 
68, 40, and 36 per cent control, with 
an average of 61 per cent for the 4-week 
period. Similarly, chlorinated camphene 
effected 92, 60, 48, and 36 per cent control, 
with an average of 59 per cent. These 
data check closely with the degree of 
foliage injury in each case. 


camphene it was used at the same rates. 

On May 15, all trees in the New Arbore- 
tum at the Bartlett Tree Research Lab- 
oratories, Stamford, Connecticut, were 
sprayed with chlorinated camphene, 25 
per cent wettable powder, with 50 per 
cent water miscible, and with the solvent? 
and emulsifier? of the latter formulation. 
Branches of sugar maple and of Siberian 
elm trees in the Old Arboretum were 
likewise treated with chlorinated cam- 
phene and DDT.‘ Two silver poplar trees 
were sprayed with the 0.5 and 1-pound 
concentrations of chlorinated camphene 
50 per cent water miscible formulation 


i oa Paw. 
38 
2 Tween E045 


4 Deenate 50- 
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to determine its effect on this oil-sensitive 
plant. 


Table 2.—List of 52 trees and shrubs! included 
in eternity aoe with chlorinated camphene, 
Bartlett Tree Research Laboratories, Stamford, 
Connecticut, 1947. 








—Red Gravenstein 
—Russett 
—Transparent 
—Moor Park 
—Mountain 
—American 
—European 
—Black 
—European White 
—Red 


Apple 


Apricot 
Ash 
Beech 


Birch 


Buckeye 

Cherry —Montmorency 

Chestnut —Bartlett 

Coffee | —Kentucky 

Crab —Hyslop 

Dogwood —Flowering 

Elm —Siberian 

Euonymus—European 

Gum —Sour 
—Sweet 

Hackberry 

Heartnut 

Hornbeam 

Locust —Honey 

Magnolia —Tripetala 

Maple —Hodge 

Red 


—Striped 
—Sugar 
—Tartarian 
—Basket 

—Post 
—Turkey 
—Golden Jubilee 
—South Haven 
—Beurre Bosc 
—Beurre D’anj’ou 
—Douglas 
—London 
—Bradshaw 
—Burbank 
—Imperial Gage 
—Silver 

Quince —Orange 
Redbud —American 
Shadblow —Downy 
Silverbell 
Sophora 
Walnut 
Willow 


Oak 


Peach 


Pear 


Plare 
Plum 


Poplar 


—Black 
—Black 
—Golden 
—Laurel 





1 Reference for common names—Manual of Cultivated Trees 
and Shrubs, by Alfred Rehder, The Macmillan Company, 1934. 


Most trees had broken dormancy and 
tender new growth was present. Excep- 
tions were sour gum, hackberry, heartnut, 
black walnut, sophora, honey locust, 
Kentucky coffee, and redbud. Therefore, 
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those not in leaf on May 15 were resprayed 
on May 28. 

A minimum of 33° and a maximum of 
54° F. were recorded on the application 
date, and temperatures ranged within 
these limits throughout the duration of 
the test. The sprays dried rapidly. 

On May 22, injury was observed as a 
definite burning of Imperial Gage Plum 
foliage for all concentrations of the chlo- 
rinated camphene 25 per cent wettable 
powder, and on May 28, leaf-drop had 
commenced in the case of the 2- and 4- 


Table 3.—List of 19 evergreens! included in 
a tests with chlorinated camphene, 

iamond State Nurseries, Milford, Delaware, 
1947. 








Arborvitae —Baker 
—Bonita 
—Globe 
—Golden (Peabody) 
—Golden (plain) 
—Oriental 
—Pyramidal 
—Siberian 

Box —Dwarf 

Crytomeria —Japanese 

Fir —Douglas 

Juniper —Irish 
—Pfitzer 
—Savin 

Pine —Scrub 

Privet —California 

Retinospora—Plume 

Spruce —Colorado Blue 

Yew —Japanese 





1 Reference for common names—Cultivated Evergreens, ed- 
ited by L. H. Bailey, The Macmillan Company, 1923. 


pound treatments. Also, on that date, 
marginal burning of the leaves of sugar 
maple was noted where branches had 
been sprayed with the above-mentioned 
dosages. No injury was apparent from the 
use of chlorinated camphene sprays on 
any other trees; no injury resulted from 
the May 28 respraying of trees not in 
leaf on May 15, and no injury occurred 
from the application of DDT sprays on 
sugar maple and Siberian elm. 

On August 25, an evergreen planting 
at the Diamond State Nurseries, Milford, 
Delaware, was sprayed with the four 
concentrations of chlorinated camphene 
25 per cent wettable powder previously 
mentioned. During the test period, tem- 
peratures ranged from 78° to 92° F., with 
a high humidity. The soil was very dry. 
All species treated proved tolerant to 
chlorinated camphene deposits, and no 
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injury was apparent from the single ap- 
plication. 

These tests indicate that chlorinated 
camphene may be applied with safety 
at the concentration of 1 pound per 100 
gallons of water to trees and shrubs, 
both deciduous and evergreen, which are 
commonly present in ornamental plant- 
ings. 

SumMAry.—lIn Delaware, during 1947, 
chlorinated camphene was tested against 
the eastern tent caterpillar, Malacosoma 
americana (F.), the boxwood leaf miner, 
Monarthropalpus buxi Laboulb., and the 
bagworm, Thyridopteryx ephemeraeformis 
(Haw.). DDT, benzene hexachloride, sul- 
fur at several dosages, and the recom- 
mended controls for these three insects 
(lead arsenate and lime for eastern tent 
caterpillar; a molasses-nicotine sulphate 
combination for boxwood leaf miner; and 
lead arsenate and soybean flour for bag- 
worm) were included in the tests for 
purpose of comparison. 

Both chlorinated camphene and DDT 
(1 lb. to 100 gals.) gave 100 per cent con- 
trol of eastern tent caterpillar on wild 
cherry growth within 1 week; and lead 
arsenate with lime (3 lbs. & 6 lbs. to 100 
gals.), within 2 weeks. 

Chlorinated camphene and DDT (both 
at the rate of 2 lbs. to 100 gals.) and the 
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molasses-nicotine sulphate combination 
(20 gals. & 1 qt. to 100 gals.) as well, gave 
100 per cent control of boxwood leaf 
miner. 

Chlorinated camphene and lead ar- 
senate with soybean flour, gave approxi- 
mately the same control of bagworm; 
92 and 100 per cent, respectively, within 
1 week; 59 and 61 per cent, respectively, 
over a 4-week period. 

Foliage injury results frequently from 
the use of lead arsenate. The molasses- 
nicotine sulfate combination is almost 
prohibitive in cost. The obvious advan- 
tages of chlorinated camphene against 
these three pests are freedom from injury, 
low cost, rapid action, and complete 
control. 

Chlorinated camphene sprays were 
applied to 52 species of trees and shrubs 
and to 19 species of evergreens commonly 
present in ornamental plantings. It was 
tested for phytotoxicity, on tender new 
growth in the spring (Connecticut) and 
under mid-summer conditions of high 
temperature and high humidity (Dela- 
ware), at 0.5, 1, 2, and 4 pounds per 100 
gallons of water. It proved completely 
safe at these rates on all species, except 
two—Imperial Gage plum and sugar 
maple. 
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S. W. HaRMAN 


Professor S. W. Harman died suddenly from a 
heart attack on March 17, 1948. No one realized that 
his heart was abnormal and he worked in the orchard 
on the day before his death. Professor Harman has 
been a regular contributor to the JourNat for many 
years and his article in this issue will mark the end 
of the series. A suitable obituary notice will be pub- 
lished in an early issue of the JouRNAL. 














Liquefied Gas Aerosols to Control Bean Beetles’ 
L. P. Drrman and E. N. Cory, College Park, Md. 


During the summer of 1947 the authors 
were offered approximately 400 acres? of 
string beans and 120 acres of bunch lima 
beans for experimental work with liquefied 
gas aerosols on the control of the bean 
leaf beetle, Cerotoma trifurcata (Foist) and 
the Mexican bean beetle, Epilachna vari- 
vestis Muls. The string beans were planted 
early in May, the lima beans late in June. 





Fig. 1.—The dispenser (No. 1) designed for applica- 
tion of liquefied gas aerosols for control of the bean 
leaf beetle, (Experiments 1, 2 and 3.) 


A heavy infestation of both bean leaf 
beetle and Mexican bean beetle appeared 
on the early planted string beans, and an 
extremely heavy infestation of Mexican 
bean beetle occurred on the lima beans. 

The problems concerned with the suc- 
cessful control of these two insects fell 
into two categories: first, the design and 
construction of satisfactory dispensing 
equipment, and second, the fermulation 
of effective insecticides (primarily extracts 
of derris and cube) in liquefied gas solu- 
tions, and the determination of minimum 
effective concentrations and rates of ap- 
plication. 

DisPensinc EquipMENT.—Because the 
equipment for applying liquefied gas 
aerosols is of simple construction and of 
light weight it appeared to the authors 
that there would be considerable advan- 

Eastern Branch Pr 


am. 
1 Scientific Article No. A-184. Contribution No. 2087 of the 
Maryland Agricultural Experiment Station (Dept. of Entomol- 


ogy). ! , 
2 On the farms of A. O. Saulsbury and Bro., Ridgley, Md. 


tage in attaching row crop dispensers to 
cultivators so that cultivation and insect 
control could be carried out in the same 
operation. It is hoped that such equip- 
ment will not only result in the saving of 
labor but also provide an incentive for 
growers to make more timely applications 
of insecticive. 

During the seasen five dispensers to be 
attached to cultivators were designed and 
constructed, for tractor cultivators.?4 

The first dispenser (Fig. 1) consisted of 
two galvanized steel boxes fitted between 
the cultivator arms in such a manner as 
to cover the plants being cultivated. Each 
box or hood contained a single nozzle 
directed downward on the plants. This 
dispenser was highly efficient in treating 
young beans for the bean leaf beetle but 
because it was too small to allow proper 
nozzle adjustment for applying effective 
treatments against the Mexican bean 
beetle, larger dispensers were constructed. 





Fic. 2.—The dispenser (No. 2) designed for applica- 
tion for liquefied gas aerosol for control of Mexican 
bean beetle. 


A single large metal box or hood sup- 
ported by an angle iron frame was bolted 
to the cultivator bars (Fig. 2); a bar across 
the top center of the box supported the 
nozzles in such a manner that any desired 
nozzle adjustment could be obtained. A 

3 The experiments reported in this paper were carried out with 


the Ford-Ferguson outfits. Another was constructed for an 


International “B.” : ' 
4 The name “‘cultisoler”’ is proposed for this type of dispenser. 
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dispenser of this type was satisfactory for 
treating both string and lima beans in all 
stages of growth. A fifth dispenser was 
constructed for use on cabbage and beans. 
All these dispensers were attached to the 
cultivators so that they could be lifted 
with the cultivator to avoid damage on 
turns at the end of rows. 

On the outfits used in these tests the 
insecticide containers or tanks were car- 
ried in a rack supported by the cultivator 
bars and a valve on the feed line was 
placed so as to be accessible to the driver. 
The introduction of a pressure gauge in 
the line is not necessary but aids the 
operator in determining when the tanks 
are nearly empty. A filter in the feed line 
is necessary to remove iron oxide and 
other solid materials from the aerosol 
solution. On the cultivator dispensers a 
refrigeration filter' was found to be quite 
satisfactory. It contains a porous metal 
cone which will last 1 or more days de- 
pending on the amount of solid foreign 
matter in solutions. The metal cone is 
difficult to clean and once dirty is thrown 
away (replacements cost approximately 
40 cents.) Felt and cloth filters should be 
avoided as small pieces of hair and fiber 
break away and cause nozzle stoppage. 

FORMULATION OF AEROSOL SOLUTIONS.” 
—The problems confronted in compound- 
ing aerosol solutions for the Mexican bean 
beetle were (1) formulation of satisfac- 
tory aerosol solutions with derris and 
cube extracts so that line and nozzle 
stoppage should not occur, (2) determina- 
tion of the toxicity of other insecticides 
applied in liquefied gas aerosol, primarily 
pyrethrum and synergists for pyrethrum 
or rotenone, and (3) the determination of 
minimum effective concentrations of toxi- 
cants in aerosol solutions and the mini- 
mum effective rate of application. Obser- 
vations on the use of small amounts of 
carbon dioxide in formulation were also 
made. In general all formulations used in 
this work were based on the pea aphid 
formula (Ditman et al. 1947) which was 
composed of DDT, 5 per cent; solvent,’ 
10 per cent acetone, 35 per cent; and 
methyl chloride, 50 per cent. In com- 
pounding solutions for Mexican bean 
beetle acetone extracts of cube, derris, 
and pyrethrum were included at the ex- 

1 Wabash No. 090 


2 Mr. W. F. Barthel of the Victor Products C orp., Hagers- 
town, Maryland, prepared all solutions used in this work. 


Velsicol AR-60. 
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pense of acetones. Small amounts of car- 
bon dioxide were used as replacement for 
part of the methyl chloride propellant to 
increase the pressure. It is soluble in 
methyl chloride formulations and can be 
used only up to this amount. 

EXPERIMENTSAND Resuutts.—The eval- 
uation of the toxicity of insecticides 
used to control the Mexican bean beetle is 
not simple. Insecticides that show high 
toxicity in efficient laboratory applications 
may not show comparable lethal effect 
when applied in commercial field treat- 
ments. Pre- and post-treatment counts of 
adult beetles do not always indicate actual 
mortality under field conditions. When 
first affected by an insecticide the beetles 
take to wing so that dead beetles cannot 
be readily recovered. Often non-toxic 
materials will show varying degrees of 
repellency to adults, resulting in apparent 
control while beetles merely moved to 
untreated areas. Also after treatments, 
beetles migrate from heavily injured 
check plots to the better foliage of treated 
plots. Where adults are emerging from 
pupae on plants, a good kill of adults 
present at time of treatment might be 
obtained yet post-treatment counts would 
indicate poor results because of the pres- 
ence of these newly emerged individuals. 

In order to determine as accurately as 
possible the toxicity of the various for- 
mulations and insecticides used, counts of 
adults and estimates of larval populations 
were made before and after treatments. 
Treated adults were sometimes collected 
and caged for observation, and extensive 
searches for dead insects in fields, and 
examinations of the condition of plants 
from time of treatment till harvest, were 
made. 

When control measures were directed 
against larvae, larval populations were 
estimated by the scoop method. A metal 
scoop 2 feet long and 12 inches wide is 
placed under one side of the row of vines, 
which are bent over the scoop with an 
inverted wooden “T.”” The wooden “T” 
is struck with another stick to dislodge 
larvae into the scoop for counting. This 
method was found to give a rapid index 
to insecticide efficiency. In this particular 
work scoop samples were not taken at 
random but at points where the beetle 
population was highest as indicated by 
greatest foliage injury. 

The experiments reported here were 
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carried out on single plots, on isolated 
fields, in replicate plot arrangement, and 
in commercial acreages. All the liquefied 
gas aerosols were applied with the dispens- 
ers already described. The tractors were 
run at normal cultivating speed, 1.e. 
full throttle in second speed, estimated at 
6 m.p.h. Variation in dosage was obtained 
by changing size of nozzles. 

Experiment 1. This experiment was con- 
ducted primarily to determine the effect 
of DDT aerosol against the bean leaf 
beetle, but inasmuch as a heavy migration 
of Mexican bean beetle adults occurred 
between the time of planning the experi- 
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and stronger vines than untreated areas. 
Growth stimulations were not demon- 
strated in subsequent experiments with 5 
per cent DDT formulations. 

Experiment 2. This was an exploratory 
test of a number of formulations applied 
with the No. 1 dispenser for control of 
both bean leaf beetle and the Mexican 
bean beetle. The various aerosols were 
applied to single plots varying from 0.25 
acre to 8 acres in size. Population counts 
were not made on all plots but on samples 
at several points in the field and showed 
an average of 36 Mexican bean beetles 
and 19 bean leaf beetles per 100 plants. 


Table 1.—Effect of some DDT aerosol formulations on control of the bean leaf beetle and Mexican 
bean beetle (Experiment 1) treatments applied May 27. 








PopuLaTION Counts PER 100 PLANTS 





Bean Leaf Beetles 


Mexican Bean Beetles 








ForMULA Per Cent Per Cent 
No. DDT CO, May 27 May 28 May 27 May 28 
165 5 10 4.7 0 6.4 2.6 
166 10 10 4.4 0 2.2 6.0 
164 10 10 4.3 0 16.4 2.9 
163 5 10 7.0 0 7.0 3.1 
Check a — 5.5 0 3.3 3.1 





ment and the application of the insecticide, 
observations were made on both species. 
The first trilobed leaves were well de- 
veloped at the time the aerosols were 
applied. Four DDT aerosol formulations 
were applied on May 27, with the No. 
1 dispenser equipped with 2-gallon-per 
hour nozzles to single plots of approxi- 
mately 4 acres each. The active insecti- 
cides in the formulation and results of 
population counts are given in table 1. 
Observations after treatment showed com- 
plete control of the bean leaf beetle on all 
treated plots and the check on the leeward 
side of the treated plots. There were dead 
leaf beetles present after treatment but 
there was no apparent mortality of the 
Mexican bean beetle. Observation at time 
of treatment indicated that all treatments 
caused Mexican bean beetles to become 
restless and that many of them took wing. 
Later examination of 7 acres on the wind- 
ward side of the treated plots showed a 
heavy bean beetle population, 25 adults 
per 100 plants, an indication that treat- 
ments were somewhat repellent. 

Beans receiving the 10 per cent DDT 
formulations showed what appeared to be 
' growth stimulation, developing heavier 


In addition to plant counts, sprayed 
Mexican bean beetles were collected im- 
mediately after treatment and placed on 
untreated foliage while untreated beetles 
were placed on treated foliage from each 
plot. The nature of the treatments and 
the results on the Mexican bean beetle 
are given in table 2. With the exception 
of formula 1, only the heavier dosages of 
pyrethrum and the formulas containing 
rotenone appeared to kill the beetles 
which were hit by the spray though all 
beetles died when confined to foliage from 
all sprayed plots. Observations in the 
field, though revealing the presence of 
dead Mexican bean beetles, indicated that 
adequate coverage was not obtained with 
a single nozzle per row. 

Because all the treatments gave com- 
plete contro] of the bean leaf beetle, de- 
tailed results are not given in table 2. 
Only two living beetles were found on all 
the plots and these were in a row near 
the check, having apparently moved into 
the area just before the results were 
taken. 

Experiment 3. This was a single plot 
experiment with formulations containing 
rotenone with and without CO? at two 
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Table 2.—Exploratory tests on formulations of rotenone and pyrethrum on the control of the 
Mexican bean beetle (second experiment). Treatments applied May 29. 








OBSERVATIONS ON BEETLES 








Ling Beerizs Sprayed Clean 
Nozztes PER 100 Beetles Beetles on 
FoRMULA GAL. PLANts on Clean Sprayed 
No. Per Cent Active InsecticipE per Hr. May 30 Foliage Foliage 
170 DDT, 5; pyrethrum (20%) extract 3 2 3.8 feeding down 
170 4 12.0 down down 
176 DDT, 5; Dimethoxy DDT 5 2 9.8 on leaves down 
173 DDT, 5; pyrethrum (20%) extract, 2; Q 3.3 feeding down 
piperony] butoxide, 2 
172 Dimethoxy DDT, 5; pyrethrum (20%) 2 5.8 feeding down 
extract 2 
1 DDT, 5; pyrethrum (20%) extract, }} 2 6.6 down down 
171 DDT, 5; pyrethrum (20%) extract, 5 2 2.6 down down 
175 DDT, ke Derris extract (37.2% rote- 2 4.0 down down 
none), 2 
174 DDT, 5; Derris extract (37.2% rote- 2 4.4 down down 
none), 1 
159 Derris resin 20% in acetone, 3.6; py- 2 9.3 some down down 
rethrum 20% extract, 2; DDT; 3% 
Check 16.3 feeding few down 





1 Victor Products Corp. Household Aerosol Formula. 


rates of application. These materials were 
applied June 3 with the No. 1 dispenser 
equipped with 2 and 4 gallon-per-hour 
nozzles to plots varying from 8 to 4.5 acres 
in size. Records were made only on Mexican 
bean beetles. Counts at several points in 
the field showed an average of 82 beetles 
per 100 plants. Nature of treatments and 
results are shown in table 3. There was a 
reduction of beetles and a considerable 
number of dead beetles were found in the 
field but none of the treatments gave what 
was considered satisfactory control. 
Experiment 4. A '75 acre field was treated 
with 50 Ibs. per acre of 0.75 per cent rote- 
none dust by aeroplane to determine the 
effectiveness of such treatment on Mexi- 
can bean beetles. Counts made at 10 row 
intervals from one edge of the field to- 
ward the center before treatment showed 
an average of 8.5 beetles per 100 plants. 


Forty-eight hours after treatment, counts 
in the same general area of the field 
showed an average of 8.0 beetles per 100 
plants. 

Experiment 5. In order to secure better 
plant coverage dispensers 2 and 3 were 
constructed. These dispensers (Fig. 3) 
were composed of simple large hoods 
sufficient to cover two rows with two 
nozzles per row. The nozzles were adjusted 
to spray each row from both sides. Four 
formulations were applied to single plots 
2 to 4 acres in area on June 10, at which 
time bean plants were leafing out well 
but not yet in bloom. The nature of the 
treatments and results are given in table 
4. At the time of treatments there were 
27 egg masses per 100 plants, some of 
which were beginning to hatch. A con- 
siderable kill of beetles resulted from all 
treatments and though no larval counts 


Table 3.—Effect of 2 rates of application with 3 rotenone aerosol formulations on Mexican bean 


beetle adults (Experiment 3). 














SIZE OF Brean BEETLES 
Nozzie, per 100 PLANTs 
FORMULA Per Cent Gations’ 12 Hours Arrer 
No. Per Cent Active. INSECTICIDES CO, PER Hour TREATMENT 
178 DDT, 5; Cube extract (20% resins) 10 5 4 25.0 
178 2 18.5 
179 DDT, 5; Cube extract (20% resins) 5 5 4 82.0 
179 1 23.0 
177 0 4 18.0 
177 DDT, 5; Cube extract (20% resins) 5 2 39.0 
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were made, many dead young larvae were 
observed on the ground. Later observa- 
tions did not show appreciable toxicity 





Fia. 3.—The dispenser (No. 4) designed for 
treating large vined beans, 


to egg masses nor was there any residual 
toxic effect apparent on larvae that 
hatched from them, With exception of the 
No. 1 check this entire field was treated 
again with formula 178 on June 23. Larval 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 41, No. 2 


reveal any apparent differences in size or 
vigor of the treated and untreated plants. 

Experiment 7. On June 19 a portion of 
the field treated by plane (Experiment 4) 
where the heaviest bean beetle infestation 
occurred was treated with formula 178 
by dispensers 2 and 3. This area was about 
20 acres in size and the plants were larger 
than any yet treated, being in full bloom. 
Larval population estimates by the scoop 
method 3 days after treatment showed 
17.2 per scoop on the treated beans and 
83.4 per scoop in an untreated check. 

Experiment 8. On June 24, five formula- 
tions were applied with dispensers 2 and 
3 to large-vined beans in which the young 
pods were beginning to show. There was 
an average of 35 larvae per scoop just 
before treatment and results taken 2 days 
after treatment are given in table 5. The 
kill secured on the large-vined beans was 
not satisfactory. 

Experiment 9. It was apparent from 
results of experiments 5, 7, and 8 that 
two nozzles did not give adequate cover- 


Table 4.—Effect of rotenone aerosol formulations with and without CO, on bean beetles (Experi- 
ment 5) applied with dispenser 2 (2 nozzles per row). 














S1zE OF Mexican Brean 

NozzLz, BEETLES PER 

Per GALLONS 100 PLANTS 

ForMvULA CENT PER 
No. Per Cent Active INsEcTICIDES CO, Hour Junel0 June 11 

178 DDT, 5; Cube extract (20% resins), 10 5 Q 33.3 1.8 
Check No. 1 $1.0 12.7 
174 DDT, 5; Cube extract (20% resins) 5 0 2 27.5 4.7 
Check No. 2 36.0 41.1 
177 DDT, 5; Cube extract (20% resins) 10 0 Q 36.5 5.8 





population indices by the scoop method 
showed 9 larvae per scoop in the plot 
receiving 2 applications of formula 178; 
83 larvae in the untreated check plot; 
and 27 per scoop on the plot receiving 
177 and 178. At harvest time the plot 
receiving two applications of 178 was in 
better condition than the other treated 
plot while the check had been totally 
destroyed. 

Experiment 6. Two plots of approxi- 
mately 5 acres in a 100 acre field of string 
beans were treated with the basic 5 per 
cent DDT formula to check the growth 
stimulating effect observed in Experiment 
1. The beans were well up when the 
treatment was applied and observations 
throughout the growing period did not 


age of large bean plants. When plants 
were small high kills were obtained but as 
they increased in size the degree of con- 
trol diminished. Dispenser 4 was then 


Table 5.—Effect of rotenone aerosols from 
derris and cube sources on Mexican bean beetle 
larvae (Experiment 7). 








AVERAGE 





LaRVAE 
PER Scoop 
2 Days 
For- Per AFTER 
MULA Cent TreEat- 
No. Per Cent Active INsectTICIDE CO; MENT 
178 DDT, 5; Cube extract (20% rotenone) 10 5 20.3 
174 DDT, 5; Cube extract (20% rotenone) 5 0 21.7 
180 DDT, 5; Derris extract (36.6% rote- 5 22.3 
none) 10 
182 — 5; Derris extract (25% rotenone) 5 35.2 
1 
181 DDT, 5; Derris extract (25% rotenone) 5 5 41.8 
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constructed. This dispenser was slightly 
wider than Nos. 2 and 3 and was equipped 
with 4 nozzles per row, a pair 5 inches 
apart on each side. On July 2, three aerosol 
formulations and two water sprays con- 
taining cube extract emulsion were ap- 
plied to single plots of nearly mature 
string beans. Approximately 100 gallons 
of water spray and 25 to 30 pounds of 
aerosol solution were applied per acre. 
The dispenser was equipped with 3- 
gallon-per-hour nozzles. The nature of 
the treatments and the results are given 
in table 6. The results secured indicated 
that this heavy dosage of aerosol was 
equal or, to better than, the water spray. 
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the early bloom stage when the first 
treatment was made. Treatments were 
applied on August 14 and 15 at which 
time larvae populations averaged 18.7 
per scoop. On August 18, the part of the 
field treated with 0.5 per cent rotenone 
averaged 10.1 larvae per scoop while the 
plot treated with 1.0 per cent rotenone 
formula averaged 3.4. A careful check 
showed that 15 pounds of aerosol solution 
was applied per acre. 

Subsequent observation of this field 
indicated that further treatment was 
necessary and on August 25 spot treat- 
ment of the heaviest infested area wa. 
made with the 0.5 per cent rotenone 


Table 6.—Comparison of pyrethrum and rotenone aerosols with rotenone sprays on Mexican bean 


beetle larvae (Experiment 9). 








Bean Beetie LArvAr 








PER Scoop 
FORMULA Per Cent 5 
No. Per Cent Active INsEcTICIDE CO, July 2 July 4 
Spray 1 part 5% rotenone emulsion to 400 parts water 65.4 10.7 
189 Rotenone (derris) resin, 0.5; pyrethrins0.4; piperonyl butoxide,2 5 61.2 3.7 
Spray 1 part 5% rotenone emulsion to 200 parts water 76.2 6.6 
188 Rotenone (derris) resin, 0.5, pyrethrins,0.4;N-propylIsomer,2 5 44.4 3.0 
186 Rotenone (derris) resin, 2.0 5 45.8 7.6 





The work was concluded on string beans 
with observations on the commercial 
treatment by the grower of three fields 
totaling 180 acres. Only edges or borders 
of the fields where the heaviest infestations 
were present were treated with formula 
178. Dispensers 2 and 3 were used on 
the smaller beans and No. 4 was used on 
the larger vines. Observations preceding 
and following treatments showed that 
particularly good results were obtained 
where plants were small and adults had 
not begun to lay. In one field the bean 
beetle infestation was completely elim- 
inated. Where larvae and eggs were 
present and the vines larger, results were 
not as good. 

Experiment 10. The spring crop of 
string beans was followed by a fall crop 
of Henderson bush limas. Three 40 acre 
fields of this planting were infested to a 
degree that control measures were neces- 
sary. Field “A” was treated with dispens- 
er 4 equipped with 2-gallon-per-hour 
nozzles using .5 and 1.0 per cent rotenone, 
5 per cent CO? formulas. The plants in 
this field were comparatively large and in 


formula. The crop of beans secured from 
this field was equal to that from fields 
where treatments had not been necessary. 

Fields B and C, each of 40 acres, were 
treated with dispensers 2 and 3 using 
0.5 and 1.0 per cent rotenone formulas. 
These plants were small with only the 
first fully developed trifoliate leaves and 
the beetle was present in all stages on the 
plant. A careful check showed that ex- 
actly 10 pounds of aerosol solution was 
applied per acre. Before treatment there 
was an average of 25.8 larvae per scoop; 
3 days later field B had 4.2 on the 0.5 per 
cent rotenone formula, 6.5 on the 1.0 
per cent rotenone plot; field C had 6.0 
larvae on the 0.5 per cent rotenone plot; 
13.2 on the 1.0 per cent rotenone. The 
kill of larvae secured was satisfactory and 
there was apparently a good kill of adults. 
There was no toxicity to eggs observed and 
pupae were not killed. By August 25, so 
many young adults had emerged that a 
small portion of the field was treated with 
dispenser 4. Just before the second ap- 
plication was applied there were 5.5 adults 
and 5.7 larvae per scoop; 2 days after 
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treatment there were 2.0 adults and 6.3 
larvae per scoop. Subsequent observation 
did not reveal any difference in appear- 
ance of the leaves receiving one and 
those receiving two treatments. An aver- 
age crop of beans was secured from these 
fields, which without treatment would 
have been completely destroyed by the 
beetle. 

Experiment 11. This final experiment 
was planned to determine the effect of 
varying concentrations of rotenone in 
aerosol solutions on the resulting yield 
of shelled lima beans. The following 
treatments were replicated four times in 
randomized blocks: (1) DDT 5 per cent 
aerosol applied early plus 2 later applica- 
tions of 0.5 per cent rotenone in addition 
to 5 per cent DDT aerosol; (2) 2 applica- 
tions of 0.5 per cent rotenone and 5 per 
cent DDT aerosol; (3) 2 applications of 
1.0 per cent rotenone aerosol, and (4) 
2.0 per cent rotenone aerosol. With ex- 
ception of the 5 per cent DDT aerosol 
applied in treatment 1 to the beans just 
after they were up, all other applications 
were made on August 14 and August 25 
with the number 4 dispenser. This dispens- 
er was equipped with 1.65-gallon-per- 
hour nozzles for the August 4 treatment 
and 2-gallon-per-hour nozzles for the last 
applications. Results were based on the 
yield of shelled beans. 

Observations at harvest time showed 
better foliage protection from the higher 
rotenone applications but this difference 
was not reflected in crop yields. The early 
application of DDT aerosol did not show 
the beneficial effect that occurred in 
experiment 1. The plots receiving the No. 
1 treatment averaged 56.8 lbs. of shelled 
beans per plot; the No. 2 treatment 
averaged 60.2 lbs.; and the No. 4 treat- 
ment 59.5 lbs. Two sets of untreated check 
plots averaged 46.5 and 40.0 lbs. of shelled 
beans. 

Discussion AND SumMARY.—The dis- 
penser used proved, under field conditions, 
and when operated by farm labor, to be a 
practical, efficient, and durable apparatus 
for applying insecticide. This dispenser is 
simple and inexpensive to construct and 
because of its light weight, easy to handle. 
It provides uniform applications of insec- 
ticide to plants since cultivating must be 
done with considerable accuracy. 

None of the difficulty was experienced 
with nozzle and line stoppage that had 
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developed with formulations used in 
earlier work (Ditman et al. 1946). This 
may have been eliminated by the substi- 
tution of the commercial solvent! for the 
lubricating oil of early formulas and by 
the practice of allowing acetone-rotenone 
extracts to settle at least 24 hours before 
using. The introduction of satisfactory 
filters in the feed line eliminated iron rust 
and other solid matter in aerosol solutions. 

All insecticides used were highly effec- 
tive against the bean leaf beetle but only 
the formulations with a comparatively 
high pyrethrum content or those contain- 
in rotenone were effective against Mexican 
bean beetle larvae and adults. These re- 
sults verified the findings of Ditman & 
McConnell (1940)? in which a high degree 
of control was secured with concentrated 
pyrethrum-water sprays. Pyrethrum at a 
constant rate per acre was highly effective 
when applied in 10 gallons of water per 
acre but when applied at 150 gallons per 
acre it was not effective. Pyrethrum and 
rotenone-containing aerosols applied by 
Ditman et al. (1946) gave excellent results 
against the bean beetle but considerable 
trouble was experienced with nozzle and 
line stoppage at that time. The dimethoxy 
analog of DDT and the two synergists 
N-propyl isomer and piperonyl butoxide 
in aerosol application were of little value 
in control of the bean beetle as indicated 
by results repeated here. In 1946 (Ditman 
et al.) a water emulsion of the dimethoxy 
analog of DDT did not give kiils of bean 
beetle comparable to rotenone spray and 
aerosols and pyrethrum aerosol. 

The degree of control secured with both 
pyrethrum and rotenone aerosols varied 
with the coverage secured in the applica- 
tion. This was particularly apparent when 
treating heavy larval populations. Where 
the plants were small excellent results 
were obtained, but as the plants grew and 
the bean beetle was present in all stages of 
development the degree of control di- 
minished. It appears from data secured 
and from frequent observations of fields 
treated in all stages of growth that success- 
ful treatments for this insect are those 
applied early so as to reduce or eliminate 
the adult beetle population before egg 
laying has occurred. None of the insecti- 
cides used either in water sprays or aero- 
sols showed any appreciable effect on 


1 Velsicol AR-60. 
‘Unpublished data. Maryland Agr. Expt. Sta. Reports. 
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eggs or pupae. Larvae molting just after 
treatment appeared also to survive. 

From the standpoint of cost and effec- 
tiveness, formula 178 appeared to be most 
practical. The effectiveness of the aerosol 
application was only slightly increased 
by doubling the amount of rotenone in 
the formulation and increased the cost for 
10-pound-per acre applications about 
$1.00. Formula 178 was applied at a 
10 pound per acre rate at approximately 
$4.00. The cost of pyrethrum formulations 
was higher. 

Methyl] chloride proved to be a satis- 
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factory propellant and was used in nearly 
all formulations in Maryland in 1947, 
both in experimental work and for com- 
mercial treatments of peas and beans. 
No deleterious effects were experienced 
by the operators of dispensers or field 
men. The addition of CO, to formulations 
is of questionable value. The CO, in- 
creases the solution pressure and increases 
the rate of application for any given size 
nozzle and until similar formulas with and 
without CO, are compared at the same 
rate of application conclusions cannot be 
drawn. 


LITERATURE CITED 
Ditman, L. P., F. F. Smith, and Geo. Burkhardt. 1947. Liquefied gas aerosols for pea aphid control: 
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Chlorinated Camphene on Potatoes! 


W. LeRoy Parker, J. C. Warren, and L. A, Srearns,? University of Delaware, Newark 


Preliminary tests in 1945,? in which 
chlorinated camphene* was applied to 
Irish Cobbler potatoes, gave leafhopper- 
control Empoasca fabae (Harr.), equal to 
that obtained with DDT at the same rate. 
During 1946, more extensive tests were 
conducted with both early and late pota- 
toes. Leafhoppers were not abundant on 
either planting and their control did not 
affect the yield. 

Firea Beerte Controu.—In_ 1947, 
chlorinated camphene ard DDT were 
compared, alone and in combination 
with zine dimethyldithiocarbamate,* zinc 
ethylene bis (dithiocarbamate®), and cop- 
per oxychloride,’ on Irish Cobbler po- 
tatoes for compatibility and effectiveness 
in the control of potato insects. Leaf- 
hopper, aphid, and Colorado potato beetle 
infestations failed to develop. However, 
the flea beetle, Epitrizx cucumeris (Harr.), 
was abundant, and was the principal in- 


Eastern Branch Program. 

1 Published as Miscellaneous Paper No. 36, with the approval 
of the Director of the Delaware icultural Experiment Sta- 
tion. Publication 216 and Scientific Article 138 of the Depart- 
ment of Entomology, November 7, 1947. 

2 Hercules Research Fellow, Entomology; Temporary Assist- 
ant Entomologist; and Research Professor, Entomology, re- 
spectively. 

3 In cooperation with J. W. Heuberger, then Associate Re- 
search Professor, Plant Petholen’ University of Delaware. 

4 Toxaphene, trade mark of Hercules Powder Company. 

5 Zerlate. 

6 Dithane Z78. 

7 Copper A Compound. 


sect against which these insecticides were 
applied. 

Thirteen treatments were replicated 
three times on five-row plots, with the 
rows 42 inches apart and 50 feet long. 





Fic. 1.—Side view of self-propelled, power 
sprayer-duster, 


The plots were randomized in four blocks 
with 5-foot alleys separating the blocks. 
Six spray applications were applied on 
May 27, June 5, 10, and 25, and July 2 
and 16 under 200 pounds’ pressure with a 
power sprayer (Figs. 1 and 2). The amount 
of spray used was gradually increased 
in line with the plant growth. Expressed 
on an acre basis, it ranged from 75 
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gallons in the first application to 200 
gallons in the last application. 





Fia. 2.—Self-propelled, power sprayer-duster 
operating as sprayer. 


Insect counts were made prior to the 
first application and 24 hours after each 
succeeding application. No difference 
could be detected in the size, color, or 
development of the plants under the vari- 
ous treatments during the early part of 
the growing season. However, a marked 
difference was recorded subsequently in 
flea beetle-population, especially in the 
case of treatments not containing an in- 
secticide. As a result, untreated plants and 
all plants in plots receiving only a fungi- 
cide were dead by July 22, whereas the 
plants in plots receiving both fungicide 
and insecticide or insecticide alone re- 
mained green and were partially green 
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when dug on August 5. A very late, early 
blight, Alternaria solani (Ell. & Mart.) 
J. & G., infection did not affect the 
yields. Differences can, therefore, be as- 
cribed wholly to the control of the potato 
flea beetle. 

The three center rows of each plot 
served as record rows; thus, four buffer 
rows separated the record rows of each 
plot. The crop was hand-graded into two 
grades—marketable potatoes (U.S. No. 1 
and No. 2, combined) and culls. 

Plots receiving the chlorinated cam- 
phene water miscible treatment produced 
the highest yield; 463 bushels per acre. 
Yields of other treatments were in the 
following order: DDT plus copper oxy- 
chloride (460 bu. per acre); DDT water 
miscible (425 bu. per acre); chlorinated 
camphene plus copper oxychloride (419 
bu. per acre); DDT plus fungicide! and 
chlorinated camphene plus fungicide! (398 
and 384 bu. per acre, respectively); 
chlorinated camphene (25 per cent wetta- 
ble powder (369 bu. per acre); DDT plus 
fungicide® (359 bu. per acre), chlorinated 
camphene plus fungicide? (322 bu. per 
acre); fungicide! alone (307 bu: per acre); 
untreated (297 bu. per acre); copper oxy- 
chloride (292 bu. per acre) and, lastly, 
fungicide? alone (266 bu. per acre). These 
yield data are included in table 1. 


1 Dithane. 
2 Zerlate. 


Table 1.—Potato flea beetle and yield data, for chlorinated camphene and DDT treatments, Dela- 























ware, 1947. 

AVERAGE | YIELD IN BusHELS 

NUMBER PER ACRE 

or FLEA 

Rates PER 100 Beeties | Marketable 
TREATMENTS Ga.uons or WATER | PER LeaF | Potatoes! | Culls 

Chlorinated camphene 32% water miscible? 1.8 quarts 0.47 | 463 58 
DDT 32% water miscible® 1.3 quarts 0.09 425 81 
Chlorinated camphene 25% wettable powder® 4 pounds 0.32 369 42 
Chlorinated camphene 32% WM -+fungicide* 1.3 qts.+2 Ibs. 0.47 322 | 54 
DDT 32% WM-+ fungicide‘ 1.3 qts.+2 lbs. 0.24 359 44 
Fungicide* alone 2 pounds 3.55 266 50 
Chlorinated camphene 32% WM2?-+fungicide® 1.3 qts.+2 lbs. 0.19 384 48 
DDT 82% WM-+fungicide® 1.3 qts.+2 lbs. 0.19 398 44 
Fungicide‘ alone 2 pounds 3.73 307 42 
Chlorinated camphene 32% WM-+Compound A | 1.3 qts.+3.3 lbs. 0.16 419 44 
DDT 32% WM+Compound A 1.3 qts.+3.3 Ibs. 0.32 460 37 
Compound A 3.3 pounds 3.44 292 31 
Untreated check | 6.29 297 37 








1 U.S. Grades Number 1 and 2, combined; difference of 38 bushels required for significance at 5% point. 


2 pompoene 32%, Velsicol AR-60 6. 
*DD 82%, Ve 


4, and Triton X-100 3% by weight formulation. 
icol AR-60 65%, an Triton X-100 3% by weight formulation. 
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Table 2.—Comparative phytotoxicity, chlorinated camphene and DDT formulations on potatoes, 


Delaware, 1947. 


























Rates or Toxicant Per 100 GALLONS 
or WATER 
VISIBLE 

TREATMENTS Resipuz | 0.51b. | 1b. 2 Ibs. 4 lbs. 
Chlorinated camphene 25% wettable powder Heavy Safe Safe Safe Chlorosis 
DDT 50-W Heavy Safe Safe Safe Safe 
Chlorinated camphene 32% water miscible None Safe Safe Bronzing | Necrosis 
DDT 82% water miscible None Safe Safe Bronzing | Necrosis 
Chlorinated camphene 50% water dispersible None Safe Safe Safe Safe 
DDT 25% water dispersible None Safe Safe Safe Safe 
Solvent and emulsifier! None Safe Safe Safe Safe 
Untreated check No Injury 











1 Solvent and emulsifier of the water dispersible formulation (Shell E-407 and Tween G-1045). 


Phytotoxicity—Irish Cobbler potato 
plants were transplanted from the field 
into eight-inch clay pots. After allowing 
1 week for them to become adjusted, they 
were sprayed on June 1 with a knapsack 
sprayer. Chlorinated camphene and DDT 
were applied at 0.5, 1, 2, and 4 pounds per 
100 gallons of water. On June 5, the first 
evidence of toxicity appeared on plants 
treated with the 2-pound concentration of 
both the chlorinated camphene and DDT 
water miscible formulations; and on June 
12, the effect was noted as bronzed areas 
along the veins of the leaflets. At the 4- 
pound rate, a similar condition resulted, 
accompanied with marginal burning of the 
leaflets. Since both the chlorinated cam- 
phene and DDT formulations produced 
identical symptoms, the injury was prob- 
ably due to the solvent.' 

By June 12, chlorinated camphene 25 per 
cent wettable powder at 16 pounds per 100 
gallons of water had produced chlorosis 
which was followed by a mottling of the 
potato leaves. No injury was apparent 
from the use of DDT 50W? at any of the 
concentrations tested. Treatments and 
phytotoxicity data appear in table 2. 

SumMary.—lIn field tests with potatoes, 
prior to 1947, chlorinated camphene gave 
a control of the potato leaf hopper, 
Empoasca fabae (Harr.), equal to that ob- 
tained with DDT used at the same rate. 
During 1947, 13 treatments, including 
chlorinated camphene and DDT alone and 
in combination with fungicides* and cop- 
per oxychloride, were applied to early po- 

1 Velsicol AR-60. 


2 Dupont’s Deenate 50-W. 
3 Zerlate and Dithane 278. 


tatoes. Chlorinated camphene like DDT, 
proved to be compatible with these three 
fungicides, and gave approximately equal 
control of the potato flea beetle, Epitrizx 
cucumeris (Harr.). 

No fungicidal treatment by itself 
showed a yield significantly greater than 
the untreated control. Yields of market- 
able potatoes were increased, however, by 
the use of an insecticide with a fungicide. 
All combinations containing either chlori- 
nated camphene or DDT, water-miscible 
chlorinated camphene plus a fungicide‘ 
excepted, produced yields significantly 
greater than those obtained with the 
fungicides in question. Although the dif- 
ference in yield between the chlorinated 
camphene 32 per cent water miscible and 
the DDT 32 per cent water miscible treat- 
ments is exactly that required for signifi- 
cance at the 5 per cent point, this difference 
was not significant at the 1 per cent point. 
All other chlorinated camphene treated- 
plots ranged slightly below those receiving 
similar DDT treatments, although not 
significantly so at the 5 per cent or 1 per 
cent levels. The yield, in the case of the 
chlorinated camphene 32 per cent water 
miscible plots, was significantly greater 
than that for the 25 per cent wettable 
powder plots. 

Results of phytotoxicity tests indicate 
that chlorinated camphene 25 per cent 
wettable powder and the 32 per cent water 
miscible and 50 per cent water dispersible 
formulations of this compound are safe on 
potatoes at the concentration of 1 pound 
per 100 gallons of water. 


§ Zerlate. 











In view of the good control of pea 
aphid Macrosiphum pisi (Kalt.), obtained 
with some of the new insecticide mixtures 
in experiments last season, it seemed ad- 
visable to continue these tests again this 
year. 

Due to a late cool spring the pea aphids 
began appearing in abundance on alfalfa 
and other legumes about 2 weeks behind 
the normal season, and migration to peas 
occurred during the first week of May, 
which was later than usual. By the end of 
the first week in May the population aver- 
aged from 50 to 60 aphids per sweep of a 
15 inch diameter net. By the middle of 
May the population was up to about 400 
per sweep, at which point it leveled off for 
a few days before beginning a decline. By 
May 25 the population had dropped to an 
average of 100 per sweep. All insecticide 
applications were made between May 6 
and 14 at which time the aphids were un- 
usually free of parasites and disease and 
were in a very active condition. 

Test Equrpment.—Dust materials 
were applied with a motor-driven eight- 
nozzle tractor-drawn duster, equipped 
with a 35-foot cloth canopy trailing the 
machine, and an airplane! crop duster. 
Spray materials were applied with an 
orchard sprayer equipped with a single 
pipe boom with 10 nozzles, and a biplane 
equipped with a special spray boom across 
the lower wing. Aerosols were applied 
with an experimental machine equipped 
with 12 oil burner nozzles. All of this 
equipment except the biplane sprayer has 
been described in detail in an earlier publi- 
cation (Anderson & Brooks 1947). The 
only changes made in the equipment are 
that the apron was left off of the aerosol 
machine and an 8 inch sheet metal curtain 
was attached on all sides of the frame. All 
ground equipment was pulled by tractor 
and was adjusted to cover 10-foot swaths 
of broadcast peas. Air equipment covered 
from 30 to 50-foot swaths. 

Meruops or T'axine Recorps.—Aphid 
populations were determined by making 
10 sweeps with a 15-inch diameter insect 
net in each plat. In all tests counts were 


Eastern Branch Program. 
1 Piper Cub. 





Pea Aphid Control Experiments in Virginia in 1947 


Lauren D. Anperson and Ricnarp N. Hormaster, Virginia Truck Experiment Station, Norfolk 


made 3 days and again at 6 to 7 days after 
treatment. In two experiments a third 
count was made, one at 12 days and the 
other at 18 days after treatment. Samples 
of less than 100 aphids were usually 
counted in the net in the field. Larger 
samples were put in paper bags, killed and 
dried by heat treatment, and counted 
within a few days after collection. 

Yield records were taken in the Onley 
experiment by harvesting 200 plants from 
each replicate of two treatments and from 
the untreated check plats. These plant 
samples harvested for yield records were 
also used for residue analysis. All data 
was analyzed by Fisher’s method for 
analysis of variance. 

Ontey Expermments.—The field used 
for the test at Onley was a uniform broad- 
cast planting of Alaska peas. At the time 
of treatment on May 6, the plants were 
about a foot tall and had not bloomed. 
All plats were 180 feet long and 10 feet 
wide, with a 2-foot alley between plats. 
Each treatment was replicated four times 
in randomized blocks. Aerosol treatments 
were made between 5:00 and 6:00 P.M. 
during which time the temperature 
dropped from 70° to 60° F., the relative 
humidity went up from 55 to 85 per cent 
and the wind velocity ranged from 3 to 5 
miles per hour. Dust treatments were 
made from 6:00 to 8:00 p.m. and the 
temperature dropped from 60° to 54° F. 
with the relative humidity staying at 
about 85 per cent. The wind velocity was 
2 miles per hour for the first few minutes 
and a dead calm during the rest of the 
time when the dusts were being applied. 
Treatments were made under exception- 
ally favorable weather conditions and a 
dust cloud hung over the vines for several 
minutes after each treatment. 

The different materials tested, rate of 
application and the results obtained are 
given in table 1. All treatments resulted 
in highly significant reductions in aphid 
populations. Yield records taken on two of 
the treated areas showed a significant in- 
crease over the yield of the untreated area. 
Due to the fact than an almost perfect 
kill was obtained with all treatments it is 
difficult to show any differences between 
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treatments. The counts show the 5 per 
cent DDT aerosol using methyl chloride 
as the propellent to be inferior to the 8 per 
cent DDT aerosol using carbon dioxide as 
the main propellent, as well as inferior to 
practically all other treatments. Except 
for the 2 per cent DDT+2 per cent con- 
ditioner' and the 0.5 per cent gamma 
isomer of benzene hexachloride dusts, the 
2 per cent regular DDT material was 
inferior to all the other DDT and benzene 
hexachloride dusts in the 7-day counts. 
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foliage from the plants on which yield 
records were taken showed no DDT on the 
untreated check plants. The 1 per cent 
DDT+2 per cent conditioner? dusted 
area analyzed 0.32 parts per million dry 
weight, while the aerosol treated plants 
had 40 parts per million dry weight. Plant 
samples for analysis were taken 21 days 
after treatment, during which time four 
light showers of rain had fallen for a 
total of 0.48 inch of rain. No disagree- 
able odor was observed on the peas or 


Table 1.—Results of treating broadcast Alaska peas for the control of pea aphids at Onley, Vir- 


ginia. Treated May 6, harvested May 27, 1947. 




















AvERAGE No. APHIDS YIELD 
Ls. PER PER SWEEP AFTER Las. 
ParTicLE ACRE OF TREATMENT SHELLED 
Sizz INSECTI- PEAS PER 

MarerrAts Usep! Microns? CIDE 3 Days 7 Days ACRE 
2% DDT 25 54 2.2 12.2 
2% DDT+2% solvent* 25 46 1.5 8.1 
1% DDT+2% solvent 25 51 1.1 5.8 
1% DDT+2% solvent 5 48 0.6 4.0 

1% DDT—2% solvent ? 42 1.2 5.8 970 
1% DDT—2% non-volatile solvent‘ ? 36 1.8 6.3 
Benzene hexachloride (1% gamma) 5 45 2.8 9.0 
Benzene hexachloride (0.5% gamma) 60 57 1.8 6.5 
Benzene hexachloride (1% gamma) 60 46 1.3 4.5 
Benzene hexachloride (1% gamma) ? 50 0.9 2.7 
Benzene hexachloride (1% gamma) ? 48 1.5 4.4 

8% DDT aerosol® — 10 4.7 4.2 1002 
5% DDT aerosol® — 10 4.5 15.8 

Untreated check — _— 57.8 250.6 600 

1.87 4.9 340 


Difference required for significance (19 to 1 odds) 





1 Pyrophyllite is the diluent used in all dusts. 


2 Particle size determined by microscopic examination of DDT and benzene hexachloride concentrates before diluting. 


8 Velsicol AR 60, added at the end of the mixing process. 


88 
4 The DDT was dissolved in the solvent before mixing with the diluent. 
elsicol AR 60-56% acetone-8 % met. 


5 U.S.D.A. Formula #128. 8% DDT-8% cyclohexanone-8% V. 


1 chloride-12 % carbon dioxide. 


6 U.S.D.A. Formula #65. 5% DDT-5% cyclohexanone-5% Velsicol AR 60-35% acetone-50% methyl chloride. 


The slightly poorer performance of the 2 
per cent DDT+2 per cent conditioner? 
dust may be accounted for by the fact that 
in this test this material did not flow uni- 
formly from the duster and a splotchy 
coverage was obtained on the plants. Good 
coverage seemed to be obtained with all 
other treatments. There appeared to be 
little differences in the aphid control with 
DDT and benzene hexachloride dusts in 
which the particle size of the active in- 
gredient ranged from 5 to 60 microas di- 
amter in the concentrate before dilution. 
DDT particles were not discernible with a 
microscope after the conditioner’ was 
added to the mixture. Analysis of the 


1 Velsicol AR-60. 


vines from the benzene hexachloride 
treated plats at harvest time, nor in the 
peas when cooked and eaten by over 20 
different people. 

Macuiponco Experiments.—The field 
selected for this test was a uniform broad- 
cast planting of super Alaska peas. At the 
time of treatment the plants were in full 
bloom. The plats were 10 feet wide and 
approximately 200 feet long and each 
treatment was replicated three times. 
Treatments were made on May 11, be- 
tween 4:30 and 6:45 p.m. during which 
time the temperature dropped from 57° to 
49° F. and the relative humidity went 
from 53 to 60 per cent. The wind velocity 
varied from 5 to zero miles per hour. 

The different materials tested, rates of 
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application and results obtained are 
given in table 2. These records show that 
all treatments gave a highly significant 
reduction in the aphid population. The 18- 
day counts show the same trends in aphid 
populations as the 3 and 6-day counts, but 
the differences are not as great, due to the 
fact that the plants were nearing maturity 
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Exmore ExperIMeNtT.—This test was 
run on a uniform broadcast planting of 
Thomas Laxton peas that were about 
through blooming. The plats were 10 
feet wide and 180 feet long and repli- 
cated four times. Treatments were made 
on May 14, between 5:30 and 6:30 P.M. 
The temperature was 70° F., the relative 


Table 2.—Results of treating broadcast super Alaska peas for the control of pea aphids at Machi- 


pongo, Virginia. Treated May 8, 1947. 








AveraGE No. APHIDS PER SWEEP AND % 




















AMOUNT Controut Over Cueck Arter TREATMENT 
PER 
Mareriats Usep AcRE 3 Days 6 Days 18 Days 
Dusts! Lbs. No. % No. % No. 
2% DDT 52 4.2 94 42.2 91 60.7 
2% DDT+2% solvent? 51 2.9 96 15.5 97 24.6 
1% DDT —2% solvent? 46 4.7 93 27.3 94 43.3 
0.5% DDT—2% non-volatile solvent? 49 5.1 92 39.3 91 55.9 
0.5% DDT —2% non-volatile solvent? —0.06% 51 3.1 95 26.3 94 36.1 
pyretbrins* 
Benzene hexachloride (1% gamma) 56 4.6 93 7.0 98 29.7 
0.25% parathion 52 13.6 79 107.0 76 73.3° 
1% Rotenone—3% conditioner* 24 24.1 63 206.5 54 81.68 
Sprays Gallons 
DDT 25% emulsion (1 qt.-100 gallons water) 147 3.5 95 12.0 97 45.3 
Hexaethy] tetraphosphate (pure) 1 pt.—100 140 11.2 83 84.6 81° 72.7% 
allons water) 
8% Piperonyl cyclohexanone-0.8% pyreth- 133 13.9 79 124.7 72 59.7? 
rins emulsion (1 qt.—100 gallons water) 
Untreated check — 65.4 _ 446.0 — 132.08 
Difference required for significance (19 to 1 odds) 4.5 38.4 20.4 





i re hyllite i 
2 “aseol AR-60 
3 Population decreasing due to maturity of plants. 


and on the plats where poor aphid control 
had been obtained the population had 
leveled off and decreased since the 6-day 
count. The rotenone dust apparently con- 
tained too much oil and did not dust well, 
and as a result only half of the desired 
amount was applied. This may account 
for this material giving significantly poorer 
control than any of the other treatments. 
The piperonyl cyclohexanone-pyrethrum 
spray and the parathion dust with an 
average of from 75 to 77 per cent kill and 
the hexaethyl tetraphosphate with 82 
per cent kill in the 3 and 6-day counts, 
were significantly better than the rote- 
none treatment but significantly poorer 
than all other treatments. All of the DDT 
sprays and dusts and the benzene hexa- 
chloride dusts gave from 91 to 98 per cent 
control with no significant differences be- 
tween any of them. 


s the diluent used in all dusts except the benzene hexachloride which was diluted with pyrophyllite and clay. 
; the DDT was dissolved in the solvent before mixing with the diluent. 


humidity 77 per cent and the wind ve- 
locity ranged between 0.75 to zero miles 
per hour. Within a half hour after treat- 
ment time the temperature dropped 
rapidly to 55° F. accompanied by a brisk 
wind. The materials tested, rates of appli- 
cation and the results obtained are given 
in table 3. As may be seen by these rec- 
ords, all treatments gave highly signifi- 
cant decreases in aphid populations in the 
8 and 6-day counts. In this test as in the 
Onley test there seemed to be little differ- 
ence in the control obtained with DDT 
dusts of different particle size. The 2 per 
cent DDT dust without oil gave 85 to 82 
per cent control which was significantly 
poorer than all other DDT and benzene 
hexachloride treatments, all of which gave 
over 95 per cent control. The 12-day counts 
agree very closely to the other counts ex- 
cept for the counts on the untreated checks 
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which had declined about 75 per cent from 
the 6-day count due to the aphid injury 
and subsequent early maturity of these 
plants. 

AIRPLANE Trsts.—On May 10, several 
different insecticides were applied with 
airplane equipment. Weather conditions 
were favorable and good coverage was ob- 
tained. The plats were from 2 to 3 acres 
in size. The concentrated spray materials 
applied with a biplane were: DDT, 0.33 
gallon per acre (1 pound actual DDT per 
acre), benzene hexachloride, 3 gallons per 
acre (0.3 pound gamma isomer per acre) 
and hexaethy] tetraphosphate, 3 gallons 
per acre (1 pound pure hexaethyl tetra- 
phosphate per acre). Aphid counts made 
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favorable weather conditions. The aphid 
population was not as thriving or as large 
as in the previous test and a@ considerable 
amount of fungous disease was present 
among the aphids. A concentrated DDT 
spray was applied at the rate of 5 gallons 
per acre (1 pound actual DDT per acre) 
in comparison with a 1 per cent rote- 
none—20 per cent sulphur dust at 40 to 
50 pounds per acre. Counts made on May 
27 showed 20 aphids per sweep where the 
DDT spray was used, 60 per sweep where 
the rotenone was used and 200 in the un- 
treated area. Another neighboring field 
treated the next day by the same airplane 
spray equipment using the DDT concen- 
trate, but without any ground crew to 


Table 3.—Results of treating broadcast Thomas Laxton peas for the control of pea aphids at Ex- 


more, Virginia. Treated May 14, 1947. 








AveraGE No. ApHips PER SWEEP AND % 

















Par- Controt Over Cueck AFTER TREATMENT 

TICLE LBs.PER — 

Size AcREOF 3 Days 6 Days 12 Days 

Mi- INsEC- 

Marerrau Usep! CRONS? —‘ TICIDE No. % No. % No. 

2% DDT 25 41 62.6 85 71.5 82 41.7 
2% DDT+2% solvent* 25 38 16.7 96 21.1 95 18.9 
1% DDT+2% solvent’ 25 45 19.0 95 18.9 95 27.4 
1% DDT+2% solvent 5 41 17.6 96 20.3 95 20.2 
Benzene hexachloride (1% gamma) ? 38 14.2 97 16.9 96 17.7 
Untreated check — —_ 407 .0 — 405.0 — 97.94 
Difference required for significance (19 to 1 odds) 14.1 _— 21.0 — 11.1 





1 Pyrophyllite is the diluent used in all dusts except the benzene hexachloride which was diluted with clay and pyrophyllite. 


2 Particle size determined by microscopic examination of DDT 


and benzene hexachloride concentrates before diluting. 


* The solvent, Velsicol AR 60 was added to the DDT dusts at the end of the mixing process. 


4 Population decreasing due to maturity of the plants. 


on May 14 showed 420 to 550 aphids per 
sweep of the net with no significant differ- 
ences between treatments. The untreated 
check area which was on the far side of the 
field had 450 aphids per sweep. The ben- 
zene hexachloride treatment severely in- 
jured the foliage. The rest of the field, 
which was over 100 acres in size, was 
treated the same day with a 1 per cent 
DDT —2 per cent oil dust at the rate of 
50 pounds per acre applied by a Piper 
Cub crop duster. The aphid population 
on this treated area on May 14 was 50 
aphids per sweep. 

Dust and spray applications on Shasta 
peas made by airplane equipment were 
compared again on May 23. The same 
type of equipment as was used in the May 
10 test was used in these tests but they 
were owned and operated by a different 
company. Materials were applied under 


check on operations, showed 44 aphids per 
sweep as compared to 100 per sweep on 
the untreated area. 

AEROSOL EXPERIMENTS.—In addition 
to the aerosol tests made in the Onley 
experiment three other field size experi- 
ments were made with the same equip- 
ment testing several different formula- 
tions. These tests were made in coopera- 
tion with the United States Department 
of Agriculture, Bureau of Entomology and 
Plant Quarantine and are being reported 
in detail in a separate paper (Smith e¢ al.). 
Only a summary of the results will be 
given here. In general it may be said that 
5 to 8 per cent DDT aerosols using methyl 
chloride or carbon dioxide as the main 
propellent gave equal aphid control which 
was approximately 94 per cent. Aerosols 
containing 5 per cent gamma isomer of 
benzene hexachloride also gave 94 per cent 
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control while the 2.5 per cent gamuna iso- 
mer material dropped to 89 per cent. Ten 
per cent hexaethyl tetraphosphate in oil 
gave 90 per cent control and without oil 
83 per cent control while 5 per cent 
chlordane and 5 per cent chlorinated cam- 
phene dropped to 72 and 68 per cent con- 
trol respectively. The benzene hexachlo- 
rideand the hexaethyl tetraphosphate were 
disagreeable to handle and the benzene 
hexachloride caused some foliage injury. 

Summary.—Good pea aphid control 
was obtained with 0.5, 1 and 2 per cent 
DDT -—oil dusts in which the DDT was 
dissolved in the oil then mixed with dil- 
uent or in which the oil was added after 
the diluent. Two per cent DDT dust 
without oil was less effective than the 
DDT dusts with oil. DDT —oil emulsion 
spray was equal to the DDT dusts when 
applied by ground equipment while DDT 
aerosols were equal to or slightly less ef- 
fective than the DDT dusts. 

Benzene hexachloride dusts containing 
0.5 to 1 per cent gamma isomer gave good 
aphid control. Benzene hexachloride and 
DDT dusts from several different sources 
were equally effective. Particle sizes of 5 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 41, No. 2 





to 60 microns for the DDT and benzene 
hexachloride concentrates had little effect 
on the toxicity of the finished dusts. 

One per cent rotenone, 0.25 per cent 
parathion dusts, hexaethyl tetraphos- 
phate and piperonyl cyclohexanonepyre- 
thrum sprays gave poor aphid control. 

Airplane applications of DDT dust less 
the oil gave good control. In one test air- 
plane applications of DDT spray gave 
good control while in another test DDT, 
benzene hexachloride and hexaethy] tetra- 
phosphate sprays gave no control. 

In the aerosol form, DDT and benzene 
hexachloride gave good control and 
hexaethyl tetraphosphate fair . control 
while chlordan and chlorinated camphene 
gave poor control. 

Some foliage injury occurred when ben- 
zene hexachloride was used as a spray or 
aerosol. Also benzene hexachloride and 
hexaethyl tetraphosphate were disagree- 
able to handle. Although benzene hexa- 
chloride imparted no odor or taste to the 
peas at harvest time, further investigation 
is necessary before this material can be 
recommended for use on peas. 
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Copper lime dusts used for the control 
of late blight are very reliable and there is 
still a lot of interest in their use for com- 
bating the disease. However, the combi- 
nation of hydrated lime and DDT is con- 
sidered incompatible. Therefore, the use of 
copper lime dust was generally not recom- 
mended. 

A study of the voluminous literature on 
DDT that has appeared in the last 4 years 
indicates that little has been done with 
the compatibility of lime with DDT. Most 
of the work that has been done has been 
in conjunction with field testing of water 
suspensions of DDT with bordeaux mix- 


Eastern Branch Program. : 
1 The data pace te ioe y herein are a portion of the results of re- 
search ted for the doctor’s dissertation for partial fulfill- 
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ture or with lime in concentrations gener- 
ally used in whitewash. Those articles 
published describing decomposition effects 
of alkalinity and other chemical conditions 
on DDT were carried on at temperatures 
of 60° C. or above with most of them in 
the range of 100 to 125° C. Therefore, in 
planning these studies an effort was made 
to bring the factors involved within the 
range of conditions encountered in every- 
day use of lime-DDT combinations. 

Studies in the laboratory were under- 
taken to furnish information in so far as 
possible on some factors involved in the 
breakdown of DDT by lime in dry mix- 
tures using both quantitative chemical 
analyses and toxicity studies on the pink 
and green potato aphid, Macrosiphum 
solanifolit Ashmead. 
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LABORATORY ProcepURE.—In prepar- 
ing dry mixtures of DDT and lime, the 
same standard procedure was followed 
throughout the work. The total amount of 
the original mixture was 200 grams. A 
proprietary band of 50 per cent wet- 
table DDT powder was mixed with the 
various limes so that the finished product 
contained 3 per cent DDT. All lime sam- 
ples used in these studies were obtained 
from commercial sources. Materials other 
than the limes were chemically pure.! 

In each of the mixtures, after the proper 
amounts of lime and DDT were weighed, 
they were poured together into a 2-quart 
glass-topped, rubber sealed, mason jar. 
The jar was then vigorously shaken for a 
period of 10 minutes at the end of which 
time the mixture of lime and DDT was 
sifted through 20- and 40-mesh sieves, re- 
turned to the jar and thoroughly shaken 
again for another 2 minutes. The mixture 
was then considered properly prepared for 
sampling. Immediately before a sample 
was taken from a jar, the mixture was 
again thoroughly shaken. The sample con- 
sisting of 20 grams of the DDT-lime mix- 
ture, was added to 200 ml. of redistilled 
commercial benzene, the suspension 


shaken thoroughly for 2 minutes and 


filtered. The clear filtrate containing the 
DDT was then poured into 250 ml. 
Ehrlenmeyer flasks stoppered with tin 
foil and stored in a cold storage room at 
40° F. In the interval between samplings, 
the jars containing the DDT-lime mix- 
tures were placed in a darkened constant 
temperature room at 78° F. 

An accurate method of analysis is 
needed in any study of DDT decomposi- 
tion. Of the numerous available methods, 
the colorimetric method of Schechter e¢ al. 
(1945) has proven to be consistently re- 
liable after rather wide use. It is accurate 
to 10 micrograms or less and was chosen 
as the method to be used in these studies. 
The method consists of complete nitration 
extraction with ether followed by a series 
of washings with a dilute base and con- 
centrated salt solution with the ultimate 
production of blue, violet red or red color 
by the addition of 10 per cent methanolic 
sodium methoxide. A colorimeter? with 
narrow band glass filters and standardized 


1 Pyraz ABB Pyrophyllite was supplied from a commercial 
source. 
2 Lumetron Model 402E. 
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22 mm. test tubes was used to measure 
the intensity of the colors developed. 

Samples of pure p-p’ DDT, melting 
point 109.1° C., pure o-p’ DDT and pure 
2, 2 bis (p-chorophenyl)-1,1 dichloroethyl- 
ene (dehydrochlorinated p-p’ DDT) were 
carried through the procedure as stand- 
ards in order to determine the amounts of 
these materials present in each sample 
analyzed. The extinction values of these 
pure materials were calculated from the 
transmission readings on the colorimeter 
at wave lengths of 640, 575, and 515 milli- 
microns. Assuming that the colors fol- 
lowed Beer’s Law, an approximation, the 
values were used to derive equations 
which would give actual amounts of the 
three principal constituents concerned in 
DDT breakdown studies. 

For determining the toxicities of DDT 
combined with various limes to the pink 
and green potato aphid, the same 200 ml. 
benzene extracts, described previously, 
which had been stored at 40° F. were used. 
Ten ml. of each benzene extract were 
pipetted into a test tube and evaporated 
to dryness. Thirty-two ml. of commercial 
acetone was then added and the tube 
shaken until the residue had dissolved. 
Eighteen ml. of distilled water was now 
added to the test tube which was shaken 
vigorously for 15 seconds before being 
used in the precision sprayer. 

Contact toxicity tests were conducted 
on the endless belt precision sprayer as 
adapted from one described by Siegler & 
Munger (1935). Mature wingless potato 
aphids were placed in a 16-mesh screen 
cup 10 cm. in diameter and passed through 
the spray cone four times on the moving 
belt, the spray being applied at a pressure 
of 12 pounds per square inch. By using the 
screen cup, it was possible to shake all the 
smaller aphids through the mesh and to 
mr the spray from spattering after 
striking the bottom or sides. Approxi- 
mately 50 aphids were employed for each 
treatment. The treated aphids were now 
transferred with a camel hair brush to 
clean lantern globe cages containing 
freshly cut clean potato leaves. Observa- 
tions were made 48 hours after treatment 
and mortalities were recorded. Each 
treatment was replicated twice or, in some 
instances, three times. The lantern globes 
with the fresh foliage and treated aphids 
contained, were kept in a constant temper- 
ature room maintained at 78° F. with an 
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approximate relative humidity of 82 per 
cent. Controls or checks were used in all 
the experiments so that the mortalities of 
these controls could be utilized in correct- 
ing the mortalities of the treated aphids 
according to Abbot’s Formula. 

EXPERIMENTAL INVESTIGATIONS AND 
Resutts.—Preliminary to a study of the 
reactivity of commercial limes with DDT, 
an investigation was made of the com- 
patibility of DDT with some of the known 
materials that are either component parts 
of lime or its reaction products. 
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Although there was an indication of 
breakdown action of calcium hydroxide 
reagent and the high calcium lime after 4 
hours’ storage, the detection of larger losses 
of p-p’ DDT after 12 hours was definitely 
observed. In considering the results of 
these analyses in figure 1, it may be noted 
that the six materials occur in three gen- 
eral groups. Pyrophyllite, calcium carbon- 
ate and high magnesium lime fall into the 
group that produced little breakdown of 
DDT over the 16-day period. Magnesium 
oxide brought about measurable DDT 


Table 1.—Decrease of p-p’ DDT content in several lime DDT combinations stored in a dry 














state at 78° F. 
Per Cent Decrease Basen on INITIAL SAMPLE FOR 
Eacu True INTERVAL 
8% DDT 97% Diivent After After After After 
AS INDICATED 2 Days 4 Days 8 Days 16 Days 
High Calcium Limes: 
National Gypsum (Bellefonte, Pa., Source) 50.0 63.2 75.0 85.5 
National Gypsum (York, Pa., Source) 47.0 48.2 61.4 74.7 
Millard 53.2 64.5 70.9 91.1 
Marblehead 54.8 57.1 52.4 79.8 
Kelly Island 40.3 57.1 64.9 70.1 
High Magnesium Limes: 
Allwood 14.1 30.6 36.5 42.3 
Kelly Island 42.2 45.8 50.6 71.1 
Ohio Hydrate 41.5 45.1 56.1 72.0 
Millard 46.8 57.1 71.4 89.6 
Warner's 58.4 63.6 81.8 92.2 
Pyrophyllite _ 2.5 5.1 3.8 





Materials included in this study were 
chemically pure calcium hydroxide, mag- 
nesium oxide and calcium carbonate. 
These were compared in a dry state with 
pyrophyllite,s a high calcium lime? and 
a high magnesium lime.’ 

Samples were taken for analysis as 
described above, immediately after mixing 
and at intervals of 4 and 12 hours, 1, 2, 4, 
8 and 16 days. Graphic presentation of 
analyses data showing progressive de- 
crease of p-p’ DDT with time is to be 
seen in figure 1. Figure 2 represents the 
rate of increase of the breakdown products 
with time. 

The amount of p-p’ DDT contained in 
the original mixture was based on the 
analysis of the sample taken immediately 
after mixing. Analyses of samples taken 
after this period were considered in per 
cent decrease from this original figure. 


1 Pp ABB Vanderbilt Co. 
2 National Gypsum Co. 
3 Allwood Lime Co. 


breakdown after 48 hours which slowly 
increased at a uniform rate through the 
last sampling. Calcium hydroxide and 
high calcium lime caused measurable 
breakdown of the DDT after 12-hours 
which increased very rapidly up to 4 days 
when approximately 75 per cent of the 
original amount of DDT had been lost. 
After 4 days there was a decrease in the 
rate of DDT degradation which continued 
through the 16-day period. The amount 
of breakdown products produced as cal- 
culated from the filter readings showed an 
increase at approximately the same rate 
as the amount of p-p’ DDT decreased 
(Fig. 2). 

On the basis of these observations, it 
may be said that calcium hydroxide and a 
high calcium lime cause a marked break- 
down of DDT in a dry mixture. Magne- 
sium oxide has less effect on DDT break- 
down than calcium hydroxide or the high 
calcium lime but a greater effect than 
pyrophyllite calcium carbonate, or the 
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high magnesium lime. Pyrophyllite, cal- 
cium carbonate and a high magnesium 
lime are relatively inert when combined 
with DDT. 

These initial studies indicated that a 
difference exists in the tendency to cause 
DDT breakdown by various constituents 
of lime and various types of lime when 
these materials are combined in a dry 
state with DDT. On the basis of these 
observations, it may be predicted that 
certain of the ingredients in the so-called 
inert diluents have a marked effect on 
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Fig. 1.—A decrease of P-P DDT in combination 
with hydrated lime and various lime constituents. 


DDT and a study of similar types should 
be carried out. Thus a further investiga- 
tion was promoted to observe the effects 
of a number of hydrated limes from dif- 
ferent sources which are used rather 
widely for spray and dust purposes in New 
York and elsewhere. 

The dry mixtures were prepared and 
handled in the same manner already de- 
scribed. Ten commercial limes plus py- 
rophyllite were included in the experi- 
ment. These limes are listed in table 
1 and on figure 3, which presents the re- 
sults of the analyses over 2, 4, 8 and 16- 
day periods and shows the per cent 
decrease of p-p’ DDT with time. Because 
the per cent increase in breakdown prod- 
ucts closely followed the decrease in p-p’ 
DDT as was indicated in the preliminary 
study, it was not included in this writing. 

There was a wide variation in activity 
of the various limes in causing breakdown 
of DDT. Those limes bringing about the 
greatest dehydrochlorination of DDT 
caused a 50 per cent decrease from the 
initial amount of p-p’ DDT in 2 days 
while those that were not quite as reactive 
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showed a reduction of about 40 per cent 
in the same period of time. A high mag- 
nesium lime! does not fall into either of 
the above mentioned catagories. It caused 
a slower breakdown than the other limes, 
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Fic. 2.—An increase of dehydrochlorinated DDT in 
combinations of DDT with hydrated lime and cer- 
tain lime constituents, 


only about 25 per cent of the original 
amount of DDT being lost after 4 days 
and 40 per cent in 16 days. On the other 
hand, limes that were most reactive lost 
80 per cent or more in the 16-day period. 
Pyrophyllite showed no reaction with 
DDT over the 16-day test period. 
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Fic. 3.—A comparison of the effects of various limes 
on P-P DDT breakdown when mixed and stored in 
a dry state. 


To present an adequate explanation for 
the various results obtained is beyond the 
scope of this investigation. However, cer- 
tain factors may be mentioned which 
perhaps possess some pertinence in rela- 
tion to the analytical data. Five of the 
limes were derived from sources in Penn- 
sylvania and, with one exception, all 
caused extreme and rapid breakdown of 


1 Allwood Milk of Magnesia. 
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Fic. 4.—A comparison of the contact toxicity to 

adult potato aphids of benzene extracts from various 

DDT-lime mixtures sampled at varying time in- 
tervals. 


DDT. A high magnesium pressure hy- 
drated lime in this group with 42 per cent 
available magnesium hydroxide and 54 
per cent available calcium hydroxide 
appeared more reactive with DDT at an 
earlier time interval. Those high magne- 
sium limes that had their source in Ohio 
were less reactive than those mined in 
Pennsylvania and Missouri. These same 
limes from Ohio caused the least dehy- 
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magnesium oxide content is of little conse- 
quence in the calcium limes. Millard 
high magnesium has a rather low mag- 
nesium oxide content when compared 
with other magnesium limes. 

Fleck & Haller (1945) have shown that 
aluminum and iron oxides are good cata- 
lysts for DDT degradation at high tem- 
peratures. The quantities of these two 
oxides in all the limes may be compared 
with the per cent decrease of p-p’ DDT 
after 16 days (Table 2). It may be seen 
that little correlation exists between alu- 
minum and iron oxide content of degree of 
reactivity of the various limes and DDT 
breakdown. However, four of the six of 
the least reactive limes had a low iron and 
aluminum oxide content. 

The effect of these limes on DDT at 
each time interval as revealed by contact 
toxicity to the pink and green potato 
aphid is summarized in table 3. Figure 4 
is a graphic presentation of these data. 

The per cent mortality of the sprayed 


‘adult aphids was surprisingly uniform for 


biological testing. In the 2-day period 
after the original mixing of the various 


Table 2.—The decrease of p-p’ DDT in the lime DDT combination correlated with contents of 
calcium oxide, magnesium oxide, and total aluminum and iron oxides in the ten limes studied. 

















EXPRESSED IN Per Cent DEcREASE 
OF P-pP’ 
CaLcIuM Magnesium Aluminum & DDT 1 
Lime SAMPLE OxIDE Oxide Iron Oxide 16 Days 
High Calcium: 
National Gypsum (Bellefonte Source) 74.34 47 .50 85.5 
National Gypsum (York Source) 73.41 91 33 74.7 
Millard 72.90 1.00 .10 91.1 
Kelly Island 73.15 71 .76 70.1 
Marblehead 74.45 .52 .37 79.8 
High Magnesium: 
Kelly Island 48.49 34.47 20 71.1 
Millard 53.00 22.00 .40 89.6 
Warner’ s 41.62 30.17 .63 92.2 
Ohio Hydrate 49.90 34.94 .38 72.0 
Allwood 58.01 37.93 . 96 42.3 





drochlorination of DDT in comparison 
with DDT breakdown by limes from all 
sources, except one lime from Wisconsin. 

In any discussion of DDT breakdown 
caused by lime, consideration must be 
given to the lime analyses. Table 2 pre- 
sents a comparison of the calcium oxide, 
magnesium oxide, and total aluminum 
and iron oxide content in the samples 
studied. It may be noted that calcium ox- 
ide content for all 10 lime samples is rather 
uniform for the two types of lime. The 


limes and DDT, there was a rapid drop in 
mortality from 15 to 20 per cent for those 
DDT-lime combinations that effected a 
rapid breakdown of DDT. The mortality 
in 48 hours caused by DDT in combina- 
tion with the high magnesium! limes 
dropped approximately 10 per cent. In 
the 4 and 8-day periods after the initial 
mixing, the per cent mortality varied 


1 National Gypsum from Bellefonte, Pa., Millard high calcium 
poe! magnesium, Kelly Island high calcium and Marbiehead high 
um, 
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Table 3.—An evaluation of the contact toxicity to the pink and green potato aphid of extracts from 
various DDT-lime dry mixtures sampled over a 16-day period. 








AVERAGE Per Cent Morratity 1n 48 Hours ror 








Eacu True INTERVAL 
SaMPLE From Wuicu Extract After After After After 
Was Maps! Initial 2 Days 4 Days 8 Days 16 Days 
High Calcium: 

National Gypsum (Bellefonte, Pa.,Source) 86.2 61.2 54.6 34.2 19.0 
National Gypsum (York, Pa., Source) 81.8 68.2 59.3 55.8 33.4 
Millard 87.9 63.4 51.6 31.6 16.7 
Marblehead 91.7 67.5 46.3 44.1 30.2 
Kelly Island 85.9 52.2 40.1 44.7 27.0 

High Magnesium: 
Allwood 92.4 80.4 77.2 62.4 54.0 
Kelly Island 84.5 74.1 66.8 57.5 40.9 
Ohio Hydrate 89.2 81.5 69.8 55.1 46.9 
Millard 91.3 61.3 57.8 42.3 30.6 
Warner's 90.1 65.0 34.1 36.0 28.0 
94.0 89.4 88.0 77.1 82.7 


Pyrophyllite 





1 Acetone and water sprayed checks gave an average of 5.6% mortality. 


rather irregularly. This was probably 
due to the close proximity to the median 
lethal dose for the test insect. The drop 
in mortality was more rapid than any of 
the others for Warner’s high magnesium 
lime with DDT with certain other limes,' 
the combinations caused very low mor- 
talities after 16 days. Pyrophyllite plus 
DDT produced a high mortality all 
through the test intervals. 

In comparing the toxicity data with the 
results of the quantitative analyses over 
the test period, it may be noted that there 
is an excellent correlation of amount of 
p-p’ DDT present in the sample with its 
toxicity for the pink and green potato 
aphid. Pyrophyllite did not break down 
DDT at all, and the toxicity remained at 
the same high levels. Certain high mag- 
nesium limes! had the least effect on 
breakdown of DDT and the toxicities to 
the potato aphid were correspondingly 
high. On the other hand, others? gave 
rapid and practically complete breakdown 
of DDT in 16 days. The toxicities of DDT 


1 Allwood, Kelly Island and Ohio Hydrate. 
2 National Gypsum from Bellefonte, Pa., Millard high calcium 
and magnesium and Warner’s high magnesium limes. 


to the potato aphid when combined with 
these materials were the lowest obtained. 

SumMary.—A laboratory technique is 
described for the study of the effects of 
lime on DDT when mixed and stored in a 
dry state. These effects were studied using 
both quantitative chemical analyses and 
biological assay studies. 

Using these procedures, the compati- 
bility of DDT with some of the known 
materials that are either component parts 
of lime or its reaction products were stud- 
ied. By analytical methods it was found 
that pyrophyllite calcium carbonate, and 
a high magnesium lime produced little 
breakdown of DDT over a 16-day period. 
Magnesium oxide caused breakdown, but 
not at a rapid rate. Calcium hydroxide 
and a high calcium lime caused rapid and 
almost complete breakdown of DDT after 
16 days’ storage at 78° F. 

A similar study, combining DDT with 
10 commercial limes, indicated a wide 
variation in reactivity of the various limes 
in causing breakdown of DDT. This de- 
hydrohalogenation of DDT by the lime 
is closely correlated with toxicity to the 
pink and green potato aphid. 
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Haller (1947) reviewed the physical, 
chemical, and biological methods of de- 
termining the constituents of technical 
benzene hexachloride. At the present 
time the results obtained by infrared ab- 
sorption measurements (Daasch & Smith, 
1947; Tufts & Kimball, 1947) are accepted 
as the most reliable. Widespread use of 
this method is handicapped, however, be- 
cause of the expensive equipment and 
specialized training required. Biological 
assay of the gamma isomer content, al- 
though probably less precise and more 
limited in scope, yields the information 
most directly applicable to the insecti- 
cidal use of the material and can easily be 
carried out in the average laboratory 
without specialized equipment and per- 
sonnel. 

During a study of the relative toxicity 
of the isomers of benzene hexachloride to 
several insect species, the possibility of 
developing a method of bioassay was kept 
in mind. Several of the species tested were 
eliminated from consideration because of 
their susceptibility to the delta isomer, 
which would result in interference in the 
determination of the gamma _ isomer. 
Others showed variable susceptibility 
over a period of time or difficulties in 
maintenance of suitable cultures. 

The red flour beetle, Tribolium cas- 
taneum (Hbst.), was found to be especially 
well suited for use as an assay organism. 
It was easily reared and once the culture 
had been built up, large numbers of insects 
were constantly available for testing. It 
was a sturdy insect showing little or no 
mortality in the checks. The toxicity 
curve for the gamma isomer was steep 
which would favor a high precision in the 
assay. The MLD of the gamma isomer 
determined in 1946 was 0.146 mg./g. and 
in 1947 was 0.142, showing the reproduc- 
ibility of the curves. The toxicity of the 
impurities and isomers other than gamma 
were relatively low. 

MatTerRIALts AND Metnops.—Standard 
stock solutions and working dilutions of 
technical benzene heptachloride and each 

Eastern Branch Program. 

1 These data are a portion of the results of research to be pre- 
sented by the senior author in the dissertation for partial ful- 


fillment of the requirements for the Ph.D. degree in Entomology 
at Cornell University. 





The Bioassay of Gamma Benzene Hexachloride’ 


Martin SHerman and L. B. Norton, Cornell University, Ithaca, New York 


of the five known isomers? of benzene 
hexachloride in redistilled acetone were 
prepared. These materials have been 
shown to constitute over 99 per cent of 
most commercial samples (Metcalf 1947). 
The insects were reared at a temperature 
of 78°+2° F. by placing several hundred 
adults in a tray containing whole wheat 
meal. After 2 weeks the adults were re- 
moved by sifting and the eggs allowed to 
hatch and the young to reach maturity in 
the trays. All tests were carried out on 
individuals which had been in the adult 
stage from one to two months. 

A modification of the method described 
by Dobroscky (1935) was utilized in this 
study. One gram of finely ground whole 
wheat meal was placed in the center of a 
biological specimen dish so that it formed 
a small mound. The stock solution of the 
material to be used was diluted to the re- 
quired concentration and 1.0 ml. was 
added to the meal by means of a pipette. 
The solution was worked into the meal 
with a spatula so that the meal was 
thoroughly wetted and intimately mixed 
with the toxicant. The acetone was al- 
lowed to evaporate. When the odor of 
acetone was no longer perceptible and 
the grain had been broken up and spread 
uniformly over the entire base of the dish, 
one hundred beetles were counted ‘into 
the dish which was then covered with a 
double layer of cheesecloth. The dishes 
were then kept in a constant temperature 
room at 78°+2° F. By this method, the 
insects were exposed to entry of the in- 
secticide by fumigant, contact, and stom- 
ach action. The dishes were not stacked 
but were placed side by side to give uni- 
form aeration. Mortality readings were 
taken 8 days after treatment. Insects 
were considered dead only in the absence 
of movement after gentle prodding or 
warming with an electric light bulb held 


2 The alpha, beta, gamma, and delta isomers were eaguected 
from a commercial product and —— by the authors. The ep- 
silon isomer and additional supplies of the beta and delta isomers 
were supplied by the Dow Chemical Company. All isomers were 
vooryeediieed shortly before use, and had the following melting 
points: Alpha, 160.2-160.9° C.; Beta, 310.2-310.6° with sublima- 
tion; Gamma, 113.8-114.1°; Delta, 138,4~139.4°; Epsilon, 
220.8-221.8°. The benzene heptachloride was a technical product 
supplied by the California Spray Chemical Corporation, and had 
a melting range of 107.6-144.7°. Isolation of individual constitu- 
ents of this material was not considered necessary because of the 
relatively low order of toxicity of the mixture. 
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several inches above the dish. Dosage was 
calculated on the basis of milligrams of 
toxicant per gram of whole wheat meal. 

RELATIVE Toxicity OF THE ISOMERS.— 
Table 1 presents the toxicity of the 
technical benzene heptachloride and the 
isomers of benzene hexachloride. Negli- 
gible mortality was obtained with the 


Table 1.—Toxicity of benzene heptachloride 
and the isomers of benzene hexachloride. Data 
taken 8 days after treatment. Dosage is in terms 
of mg. of toxicant per gram of whole wheat flour. 








Per Cent 


No. Morranity 





Dosace Insects Tribolium 

MatertaL Ma. pera. TREATED castaneum 
Alpha 100.0 200 0.5 
Beta 50.0 200 1.0 
Gamma 0.500 300 99.0 
0.400 300 99.3 
0.300 300 97.0 
0.200 300 78.3 
0.150 300 58.7 
0.125 300 34.3 
0.100 300 25.3 
0.090 300 12.3 
Delta 100.0 200 3.5 
Epsilon 100.0 200 1.0 
Benzene 30.0 300 46.7 
heptachloride 25.0 300 48.0 
20.0 300 34.0 
15.0 300 23.7 
10.0 300 2.0 
Acetone 750 0.0 





alpha, delta, and epsilon isomers at dos- 
age levels 700 times the MLD for the 
gamma isomer, and with the beta at 350 
times the gamma MLD. The benzene 
heptachloride was the only material other 
than the gamma isomer to show signifi- 
cant toxicity. However, its toxicity (MLD 
27.6 mg./g.) was only about 0.5 per cent 
that of the gamma isomer (MLD 0.142 
mg./g.). It should therefore cause no 
interference in the assay, since its concen- 
tration in commercial samples is normally 
less than that of the gamma isomer. Un- 
less there is a combined effect in mixtures 
with the other constituents, the toxicity 
of a commercial sample of benzene hexa- 
chloride to this insect should depend only 
on the content of the gamma isomer. 
Toxicity oF ArtirictaL MIxTUREs OF 
THE IsomMers.—In order to determine 
whether the presence of the other isomers 
or of benzene heptachloride might affect 
the toxicity of the gamma isomer to the 
red flour beetle, two mixtures of known 
composition were prepared. One (A) con- 


tained all of these constituents at equal 
concentrations, and the other (B) was 
prepared to approximate the composition 
of a typical commercial sample. Sample B 
contained alpha 70 per cent, beta 5 per 
cent, gamma 10 per cent, delta 6 per cent, 
epsilon 4 per cent, and benzene hepta- 
chloride 4 per cent (Metcalf 1947). 


Table 2.—Toxicity of two mixtures of the iso- 
mers of benzene hexachloride and technical ben- 
zene heptachloride. Data taken eight days after 
treatment. Dosage is in terms of mg. gamma 
isomer per gram whole wheat meal. 








Per Cent 


No. Morvatity 





Dosace Insects Tribolium 
MIXTURE Ma. per G. TREATED castaneum 
A. Contents at 0.50 300 100.0 
equal level 0.40 200 , 97.0 
0.30 200 97.5 
0.20 500 87.4 
0.15 200 40.5 
0.10 500 17.2 
B. Contents at 0.40 100 96 
commercial 0.30 100 95 
level 0.20 100 74 
0.10 100 25 





Table 2 is a compilation of the toxicity 
of the two mixtures observed 8 days after 
treatment. In figure 1, the dosage mortal]- 
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Fic. 1.—Comparison of the toxicities of the artificial 
mixtures (A and B) of isomers with the toxicity of 
the gamma isomer to the red flour beetle. The broken 
lines indicate the limits for the true values of the 
gamma dosage-mortality curve for odds of 19 in 20. 
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ity data for each mixture in terms of the 
gamma isomer content were plotted as 
points with the standard gamma regres- 
sion line which was calculated by the 
method described by Bliss (1935a, 1938). 
There was apparently no effect on the 
toxicity of the gamma isomer by the other 
isomers or the benzene heptachloride 
since the mortalities fell at random above 
or below the standard line. The absence of 
combined effects substantiates the results 
of Metcalf (1947) and differs from some 
of the results reported by Questel & 
Bowen (Haller, 1947). 

Bioassay OF COMMERCIAL BENZENE 
HexacHLoripge.—-Eight samples of com- 
mercial benzene hexachloride were assayed 
by this method. The samples were part 
of a group of materials from different 
sources distributed to various laboratories 
for cooperative tests of assay methods. 
The samples are designated in table 3 as 
U-1 to U-8. 


Table 3.—Comparison of the gamma content of 
technical benzene hexachloride as determined 
biologically and with the infrared spectrometer. 











Per Cent Rance Per 
Per Cent Gamma Cent GAMMA 
GAMMA BY BY Tribolium 
BY Inrra- Tribolium castaneum 
SAMPLE RED castaneum Opps 99 In 100 
U-1 13.9 13.9 12.5-15.4 
U-2 12.4 14.5 13.4-15.8 
U-3 13.2 15.4 14.2-16.7 
U-4 13.5 16.1 14.8-17.4 
U-5 13.2 14.1 13.0-15.4 
U-6 14.0 13.6 12.5-14.7 
U-7 16.9 19.1 17.3-21.1 
U-8 12.4 14.0 12.9-15.2 





The experimental plan suggested by 
Bliss (1935b) was followed in the analysis 
of each unknown. Stock solutions of each 
unknown were prepared in redistilled 
acetone so that the resulting concentra- 
tion was 10 mg. of total ingredients per 
ml. Preliminary tests were made in order 
to determine the range of concentrations 
necessary to bracket the 50 per cent mor- 
tality point. Once this had been deter- 
mined, two concentrations in duplicate of 
each material were applied as was pre- 
viously described. 

The mortality data observed 8 days 
after treatment were plotted and a line 
equal in slope to the standard gamma re- 
gression line was drawn through them 
(Fig. 2). The log-ratio of the potency of 
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each material and its standard error were 
determined statistically and from these 
the apparent gamma content and the 
range within which it could be expected 
to fall in 99 out of 100 assays was calcu- 
lated. The apparent gamma contents ob- 
tained by graphic comparison were very 
close to the values obtained by statistical 
computation and should be sufficiently 
accurate for most purposes. 

The results of the infrared absorption 
analyses of these samples were made 
available through the courtesy of Dr. 
R. H. Kimball of the Hooker Electro- 
chemical Company. The results of the 
two methods of analysis are compared in 
table 3. The samples were ranked in ap- 
proximately the same order by both 
methods, but the actual values of the 
gamma isomer content were somewhat 
higher in most cases by the biological 
method. This has also been the case when 
the housefly and the milkweed bug were 
used for the assay of the gamma isomer 
(Haller 1947), and has resulted in the use 
of the term “gamma isomer equivalent” 
as a measure of the potency of technical 
benzene hexachloride as determined by 
bioassay. 

Discussion.—No effect on the toxicity 
of the gamma isomer by the other constit- 
uents of technical benzene hexachloride 
was shown in the study of the known mix- 
tures. Three of the eight unknown samples 
assayed showed no significant differences 
which could be attributed to the method 
of determination. However, the other five 
showed significantly higher contents by 
bioassay than by infrared analysis. Fur- 
ther work will be necessary to determine 
whether the five higher results are ex- 
plained by insufficient replication or 
other experimental error, or whether the 
higher results are normal and the lower 
results represent deviations. The experi- 
mental details were not sufficiently de- 
veloped to bring out the precision of 
which the method is capable. 

A number of improvements might be 
suggested in order to increase the pre- 
cision of the method. Probably the most 
important would be to make each of the 
experiments self-contained by running 
several dosage levels, preferably at equal 
logarithmic intervals, of both the stand- 
ard and unknown materials. This would 
correct for the daily fluctuations in sus- 
ceptibility which could give rise to errors 
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in the apparent gamma isomer content 
when the unknown curve is compared 
with a master standard curve as in the 
present experiment. Replication of the 
assay over several days would also help 
to minimize the effect of daily variation. 
A closer control of environmental condi- 
tions would also eliminate some errors. 
In these experiments the insects were held 
at constant temperature but the treat- 
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nearly constant level and differentiation 
between dead and live individuals was 
easier. 

SumMary.—Tribolium castaneum was 
chosen as a test insect for the determina- 
tion of the gamma isomer content of com- 
mercial benzene hexachloride because of 
easy rearing, low natural mortality, a 
steep and reproducible toxicity curve with 
the gamma isomer, and a low susceptibil- 
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Fic. 2.—Comparison of the dosage-mortality curves of the toxicities of the unknown samples of commer- 
cial benzene hexachloride and the gamma isomer to the red flour beetle. The slope of each curve was 
that of the gamma regression line. 


ments were made under variable temper- 
atures, which might cause temporary 
differences in the activity of the insects 
and the volatility of the toxicant. Minor 
improvements might be made by substi- 
tuting a less volatile solvent, such as 
ethyl alcohol, for the acetone to reduce 
errors in concentration of the solutions 
due to evaporation. Use of a flour of more 
uniform particle size might insure a more 
even distribution of the toxicant. 

A shorter period of observation might 
be considered advantageous for conven- 
ience in assay. However, at the earlier 
periods, the mortality was still rapidly 
increasing with time and the results were 
less reproducible. Determination of the 
dead individuals was also difficult. At the 
later periods the mortality had reached a 


ity to the other constituents of the tech- 
nical product. 

The toxicity of the gamma isomer was 
found not to be affected by admixture 
with benzene heptachloride and the other 
isomers of benzene hexachloride. 

Eight commercial samples of benzene 
hexachloride were assayed for gamma iso- 
mer content. The insects were placed in 
whole wheat meal impregnated with dif- 
ferent dosages of the materials and mor- 
tality counts were made 8 days after 
treatment. The mortality curves of the 
unknown materials were compared with a 
standard gamma isomer regression line 
and the apparent gamma content was 
computed statistically. 

The results were compared with analy- 
ses made by the infrared method. Three 
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determinations agreed within the experi- 
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A number of improvements over the 


mental error and five were significantly preliminary procedure were suggested. 


higher than the infrared results. 
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The Lethal Lines of the House Fly 


G. W. Barser, Department of Entomology, Rutgers University, New Brunswick, N. J. 


In the course of rearings of house-flies, 
Musca domestica, two remarkable lines 
have been isolated and perpetuated in 
pure cultures. One of these has been called 
the Lethal line and the other the Flat line 
of flies. The puparia of these lines are 
much different from those of normal lines 
(Fig. 1), but it has not been determined 
whether differences occur also in the lar- 
vae or in the adults. Flies of all three 
lines (including normal flies) breed with 
one another readily. 





Fig. 1.—Average normal puparia of Musca 
domestica. 


Since July, 1946, when the Lethal line 
was discovered, more than 2,000,000 
puparia from nearly 1,000 standard jar 
cultures of the Lethal, the Flat, or of Nor- 
mal lines have been sorted as to type, and 
the weight of sample lots have been re- 
corded. The rate of emergence of flies from 
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the puparia of most of the jar cultures has 
been determined. 

Tue Letraat Line.—Puparia of the 
Lethal type (Fig. 2) had been observed in 


bbe 


Fic. 2.—Puparia of the lethal line of house-flies 
of an early generation. 








cultures of two laboratory lines of flies 
prior to July, 1946. Each line had been 
bred in a different laboratory for at least 
a year previously. Lethal puparia also 
were found among those of wild flies 
collected from horse manure at New 
Brunswick. In all cases they were present 
in occasional jar cultures at a rate of a 
fraction of 1 per cent of the population, 
and although they were discarded regu- 
larly from the stocks used for breeding, 
they continued to be found in each suc- 
cessive generation. 
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The standard artificial medium used as 
food for house-fly maggots in the labora- 
tory is capable of providing nutrients for 
several successive generations. In one jar 
in which a brood of maggots had de- 
veloped and which had been left un- 
covered, eggs were deposited by a free fly. 
These eggs produced a brood of unusually 
large and uniform flies. Examination of 
the puparia from which these flies had 
emerged showed that about 2.5 per cent 
were of the Lethal type. This was a rate of 
occurrence about 10 times that which had 
been observed previously. From the 
progeny of these flies pupara of the Lethal 
type were selected and placed in an ovi- 
position cage. The Lethal line resulted 
from eggs deposited by flies that emerged 
from the puparia, only puparia of the 
Lethal type being used for breeding in 
each successive generation. In the F; gen- 
eration 94.42 per cent of the puparia were 
of the Lethal type; in the F, generation 
94.67 per cent were of the Lethal type; in 
the F; 99.98 per cent were of this type, and 
100 per cent were of the Lethal type in the 
F, and in subsequent generation. As of the 
present date (November 20, 1947) this 
line is in the F2; generations. 

It is supposed that the Lethal line origi- 
nated from the mating of a Lethal with a 
normal fly, the female having deposited 
her eggs in the discarded jar of medium 
mentioned. Since the size and vigor of the 
resulting flies indicated that they may 
have been hybrids, the parent flies may 
have originated from the two lines of nor- 
mal flies being studied at the time. 

When normal larvae become full grown 
they retract their mouth parts and fore- 
shorten and in this way become the some- 
what elongated and rounded normal 
puparia. Full grown larvae of the Lethal 
line observed at this time seem to be un- 
able to maintain the mouth parts in a 
retracted position such as is characteristic 
of normal larvae. Time after time they re- 
tract their mouth parts, but they always 
extrude again into the position they oc- 
cupy when the larvae are feeding. Al- 
though this subject needs much further 
study it seems possible that the principal 
characters of the Lethal puparia—the 
elongated shape with open pore anteriorly 
—may result because the larvae are un- 
able to retract their mouth parts normally 
when forming the puparia. 

The ability of flies to emerge from 
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lethal puparia depends, in part at least, 
on their shape. Whereas puparia of the 
Lethal line were very uniform in shape in 
the early generations, they have become 
more variable in time (Fig. 3). The rate of 
emergence is least from the most elongated 
puparia and greatest from the most blunt 
individuals. One reason why few flies 
emerge from the elongated puparia is 





Fic. 3.—Puparia of the lethal line of house-flies of 
a recent generation showing variation in shape from 
the original type. 


mechanical, since the puparia-bursting 
mechanism functions less effectively in 
proportion as the puparia are longer. In a 
recent observation the puparia of one jar 
culture were separated into three groups 
according to length. From the longest 
puparia the rate of emergence was 1.8 per 
cent, from puparia of intermediate length 
it was 10.2 per cent, and from the most 
blunt puparia it was 42.1 per cent. 
Besides offering interference with nor- 
mal emergence of flies because of shape, 
the puparia protect the pupae within 
much less effectively because of the pore 
at the anterior end, which is always open 
although variabl@ in diameter. Often 
larvae that feed longer than others in a 
given culture enter the open pore of indi- 
viduals that pupated earlier and behave as 
animals devouring the unprotected pupae 
within. This cannibalistic behavior, which 
is almost unknown among the individuals 
of normal lines, increases in proportion as 
populations are greater when, because of 
competition for food, the larvae are less 
well nourished and are still hungry when 
the nutrients of the culture are exhausted. 
Thus far the lethal line has been stud- 
ied only in the laboratory, and the rate 
of emergence has been determined when 
the puparia were placed in glass jars. 
Under natural conditions, when the lar- 
vae form their puparia in the earth or in 
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manure piles, the open pore may cause 
them to be susceptible to attack by bac- 
teria, smal] predacious insects, and other 
organisms that cannot penetrate normal 
puparia. Under these conditions it is 
probable that fewer flies will survive 
and emerge from puparia of the Lethal 
line than is the case under laboratory 
conditions. 

Since many, but a varying percentage, 
larvae and pupae die within the puparia 
from battery jar cultures, it is probable 
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breeding in an effort to fix the type. The 
average rate of emergence was greatest in 
the F,; (60.8 per cent) and least in the F,, 
(12.2 per cent). The rate of emergence 
has been consistently greater from pu- 
paria of a lethal line where selection has 
not been practiced. From puparia of nor- 
mal lines of flies the rate of emergence 
usually is between 90 and 95 per cent un- 
der laboratory conditions. 

Resvutts or Crosstnc.—Puparia of the 
lethal line and of three normal lines were 


Table 1.—Percentages of lethal puparia found in the F; to Fi. generations of crosses in bulk of each 
sex of flies of three normal lines with the opposite sex of the lethal line. 





PERCENTAGE OF LETHAL PupariaA Founp IN THE FoLLOw1ING GENERATIONS 














SouRCcE OF 
Fires 1 2 3 4 5 6 ss 8 9 10 

Nelson females! 

x 0.67 24.28 19.82 15.37 10.42 8.21 11.32 8.20 6.36 5.77 
Lethal] males 
Nelson males 

x 0.57 25.18 15.71 16.53 9.49 6.62 6.87 5.80 7.66 4.87 
Lethal females 
Rutgers females? 

x 4.35 23.74 18.96 14.58 12.88 15.22 8.67 8.05 8.83 9.68 
Lethal males : 
Rutgers males 

x 2.55 23.51 14.71 12.38 12.67 7.42 8.22 5.45 6.87 7.03 
Lethal] females 
Wild females 

x 0.08 25.65 20.29 15.56 18.16 12.77 11.16 10.40 10.62 10.95 
Lethal males 
Wild males 

0.15 24.87 19.62 22.62 23.63 10.07 10.16 12.61 10.70 9.86 


x 
Lethal females 








1 A line obtained from the Standard Oil Company, Bayway, N. J. 


? A line obtained from Boyce 


mpson Institute, Yonkers, N. Y. 


* A line from puparia collected from a pile of horse manure at New Brunswick, N. J., fall, 1946. 


that some of this mortality is caused by 
bacteria or other microorganisms, the 
complex of which appears to vary in 
different lots of the medium for, whereas 
fermentation that is favorable to the 
larvae usually occurs, rotting, which is 
unfavorable, is sometimes observed. 

The average rate of emergence of flies 
from puparia of the lethal line was 29.6 
percent in the F, generation. Subse- 
quently it has varied. In the first 12 gener- 
ations the entire lot of puparia from one 
jar of larval medium was used for breed- 
ing, but from the 13th to the 27th genera- 
tions puparia have been selected and those 
most like the originals have been used for 


isolated in vials. When the flies emerged 
their sex was determined and males or fe- 
males of the lethal line were placed in 
oviposition cages with flies of the opposite 
sex of one of the normal lines. The six re- 
sulting hybrid lines were carried for 10 
generations and were then discarded. In 
each generation of each hybrid all indi- 
viduals of one jar culture were used for 
breeding. 

The average rate of occurrence of lethal 
puparia in the progeny during 10 succes- 
sive generations was similar for each cross 
involving each normal line, as shown in 
table 1. Usually there was little if any 
increase in the incidence of lethal pu- 
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paria in the F, generation over those 
found in the normal lines, but in the F; 
generation approximately one-fourth of 
the puparia were of the Lethal type. 
Thereafter the rate of occurrence of Lethal 
puparia decreased regularly, but it re- 
mained at a somewhat higher level in 
crosses involving the wild line, which origi- 
nated from puparia collected from horse 
manure in early fall, 1946. 

BrHAVIOoR IN Foops OTHER THAN THE 
STANDARD LarvaLt Meprum.—From time 
to time larvae of the Lethal line, as well 
as of normal lines, have fed in horse 
manure, in guinea pig manure, in roach 
dung, and in a synthetic medium similar 
to that used for maggots of blowflies. In 
all of these media all of the puparia have 
been of the Lethal type, and they were 
similar to those found in cultures in the 
standard larval medium at a correspond- 
ing time. 

Benavior iN DirFeRENT PopuLATION 
Levets.—When smaller or larger num- 
bers of larvae feed in a standard jar of 
medium the resulting puparia are iarger 
or smaller in proportion to the level of the 
population, but the puparia of any popu- 
lation are quite uniform in size. The ex- 
treme range in size of the puparia observed 
in normal lines is from about 0.003 gram 
to about 0.036 gram. The puparia of the 
lethal line show a similar range in size 
under like conditions, and in populations 
ranging from a few hundred to more than 
ten thousand per jar culture all have been 
of the Lethal type. 

PROPORTION OF SExeEsS.—Determina- 
tions of the sex of flies that emerged from 
the lethal puparia, from puparia of normal 
lines, and from the crosses, showed that in 
all cases the percentages of males and fe- 
males were equal. 

CoMPARISON OF THE WEIGHT OF PU- 
PARIA.—Sample lots of puparia, usually 5 
or 10 groups of 100 each, from each jar 
culture of all lines and crosses have been 
weighed. Although the average weight of 
the puparia has varied somewhat when 
the populations were equal, probably re- 
flecting differences in the larval medium, 
and varied directly with the populations, 
the evidence shows that the weight of 
puparia of the lethal line, and of the 
lethal puparia of the crosses, was ap- 
proximately the same as that of puparia 
of the normal lines or of the normal 
puparia of the crosses. 


BarBer: LETHAL LINEs OF THE House Fiy 295 


Tue Frat Line.—The flat line of 
house-flies was established in November, 
1946 from puparia of this type found in a 
culture originating from puparia collected 
from horse manure out-of-doors previ- 
ously. These insects have been studied 
to determine whether they could be es- 
tablished as a pure culture as had been 
done with the lethal line previously. 
The puparia of the Flat line (Fig. 4) 
are remarkable in that they are some- 


* * 





Fic. 4.—Puparia of the Flat line of house-flies, 


what flattened, rather rectangular in 
shape, with very distinct segments. Char- 
acteristically they do not have open pores, 
although individuals of the lethal type 
are more plentiful than in normal lines, 
Emergence from puparia of the flat 
line averaged about 80 per cent in the first 
10 generations, but in recent generations 
it has fallen to about 63 per cent, and 
emergence from the most typical puparia 
has recently been about 40 per cent. 

As of November 20, 1947, this line was 
in the Fy, generation. Normal puparia 
occurred in cultures of the flat line until 
the Fy generation, although these were 
regularly discarded and only puparia 
typical of the line were used for breeding. 
The flat line is remarkable because of the 
feeding efficiency of the larvae, which 
grow to a larger size and produce a greater. 
biomass from the same volume of larval 
medium than is usually the case with 
other house-flies. 

Discussion.—Although lethal genes of 
Drosophila have been investigated, as far 
as we know lethal lines of injurious insects 
have not been known heretofore. There- 
fore, there is no precedent or experience 
whereby we can be guided in judging 
their usefulness to man. We are investi- 
gating these lines of flies with a view to 
determining whether lethal lines of in- 
sects can be used in biological control of 
injurious species. 











Biology of the Lone Star Tick in the Laboratory! 


Bertram Sacxor, Martin Hutcurinson, and Purp Granett, Rutgers University, New Brunswick, 
New Jersey 


The discovery by Smith & Kilbourne 
(1893) that the causative agent of Texas 
Fever was transmitted by the tick, 
Boophilus annulatus, stimulated interest 
in the economic importance of ticks. Sub- 
sequently, a number of disease organisms 
have been shown to have tick vectors. 
Among these diseases are Rocky Moun- 
tain spotted fever, relapsing fever, tu- 
laraemia, anaplasmosis, equine encephalo- 
mytes, American Q fever, and_bullis 
fever. The feeding of ticks is both painful 
and discomforting. In addition, the eco- 
nomic loss due to damage tec hides, loss 
of weight and the reduction of milk pro- 
duction may be considerable. 

An integral part of a research program 
designed to investigate chemicals as 
possible tick toxicants and repellents was 
the maintaining of a colony of standard- 
ized test organisms. For our purpose the 
lone star tick, Amblyomma americanum 
L. was used.” 

Lasoratory Host AND INFESTATION 
Metuops.—Rabbits were employed ex- 
clusively as the host animal. 

The method used for infesting the rab- 
bit is a modification of the capsule-tech- 
nique as described by Morton (1929). 
The rabbit is closely shaved on its sides 
between the fore and hind legs. Tin pill- 
boxes, 1.75 inch in diameter, are used as 
capsules. A hole, 1.25 inch in diameter is 
cut out of the bottom of the pillbox. The 
bottom of the capsule is attached with 
cement to a piece of chamois cloth which 
has a hole slightly less than 1.25 inch in 
diameter. One capsule is attached to each 
.side of the rabbit by coating the chamois 
with the cement. Two quarter-inch holes 
are drilled in the cover of the capsule. On 
one of these holes is soldered a piece of 
stainless steel, 100-mesh, wire cloth. 
This permits sufficient air circulation in 
the capsule to prevent moisture from 
condensing in it. The other hole is used 
as an entrance point for the placing of 
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1 Journal Series Paper, New Jersey Agricultura] Experiment 
Station, Rutgers University, Department of Entomology. Re- 
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ration. 
_* The original supply of these ticks was obtained from Carrol 
N. Smith of the Federal Bureau of Entomology and Plant Quar- 
rantine. 


nymphs and adults in the capsule. Ad- 
hesive tape is used to cover this hole and 
fasten the cover of the capsule to the 
bottom portion of the pillbox. In order to 
prevent the rabbit from dislodging the 
pasted capsules, a sheet-rubber guard is 
wrapped around the animal to cover the 
capsules. The guard is fastened with two 
38-inch safety pins. 

Inocu.ation.—As will be described be- 
low, the ticks are kept in holding tubes, 
the bottoms of which are stoppered with 
fine mesh wire cloths. 

Through the wire cloth a stream of 
carbon dioxide is passed, which quickly 
anesthetizes the ticks. The tube is then 
retained in carbon dioxide saturated air 
so that the ticks will not become active 
when the cotton plug stopper is removed 
during the process of transferring the 
ticks to the host animal. 

As many as four male and four female 
ticks can be placed in each capsule 
through the quarter-inch hole in the cover 
of the pillbox. As many as 50 unengorged 
nymphs are inoculated in each capsule in 
the same manner and about 500 immobil- 
ized larvae are brushed into the capsule 
so that they come in contact with the 
skin of the rabbit. 

It is important that the unengorged 
seed ticks come in direct contact with the 
clean-shaven skin of the animal. Another 
precaution which should be taken is to 
allow the cement to dry thoroughly be- 
fore the ticks are placed in the capsule, 
otherwise the solvent used in the paste 
will act as a fumigant. 

The same capsule can be utilized for 
two or three inoculations if the rabbit is 
inoculated with seed ticks or nymphs, 
but after adults have engorged it is ex- 
pedient to remove the capsule. 

Tue Hoxipine Tuse.—As will be shown 
below, the humidity requirements of 
ticks are quite high. Thus, a new type 
holding vial was constructed, which al- 
though eliminating condensed moisture, 
enables the ticks to be surrounded with 
a moist atmosphere and permits the 
rapid immobilization of the ticks with 
carbon dioxide. 

The holding container consists of a tube 
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of soft glass, five inches in length and one- 
half inch in diameter, plugged at one 
end with cheesecloth wrapped absorbent 
cotton and at the other end with a spe- 
cially prepared cork which serves to hold 
a cotton wick. A three-eighth inch dia- 
meter hole is cut out of the center of a 
number three cork which has been cut to 
(0.25 inch in length. The cork is covered on 
its upper and lateral surfaces with a 100- 
mesh stainless steel wire cloth. The cov- 
ered cork is placed 0.75 inch from the 
bottom of the tube and a few drops of 
melted paraffin are used to seal the cir- 
cumference of the cork to the inner sur- 
face of the glass tube. One end of the cot- 
ton dental wick, 5 inches in length, is 
placed in the tube and fastened with ad- 
hesive tape to keep it in contact with the 
bottom surface of the cork. The other end 
of the wick is placed in distilled water, 
and thus supplies the necessary moisture 
for the ticks. 

Lire History Strupies.—Eggs—The 
eggs of Amblyomma americanum are de- 
posited in a sticky mass in front of the 
engorged female. The depth of egg color, 
varied considerably among egg masses, 
ranging from a dark, reddish brown, to a 
light tan, or a lemon yellow in extreme 
cases. The color of the eggs within the 
same egg mass, however, is rather con- 
stant. 

The number of eggs laid by engorged 
females varied. Counts made of 31 egg 
masses showed a range of 260 to 9000 eggs 
with the mean number about 3420. 

The weight of a single egg averages 
.054 mg. with a maximum of .058 mg. 
and a minimum of .046 mg. 

The average ratio in per cent of the 
weight of the eggs to the weight of the 
engorged female is approximately 40 with 
a minimum of 3 and a maximum of 70. 

Upon hatching, the egg shell splits at 
one end, and this split continues for al- 
most three-quarters of the length of the 
egg. There was generally 70-90 per cent 
hatching of the eggs, but in some masses, 
the hatching was as low as 5 per cent. 

The mean length of the incubation 
period of the egg masses at 30° C. was 25 
days; at 28° C. there was a mean of 33 
days. 

ENGORGEMENT OF LARVAE.—At room 
temperature (21° C.) the longevity of 
larvae kept in the holding tubes was 
about 10 weeks. 
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In the method of inoculating larvae, 
which was described above, the larvae 
soon recover from the carbon dioxide im- 
mobilization. They then distribute them- 
selves evenly over all the skin available 
within the capsule. Within a short period 
most of the seed ticks come to rest and 
insert their mouth-parts into the host. 

There are no visible signs of engorge- 
ment of the larvae during most of the 
period that they are attached. Noticeable 
enlargement occurred a few hours before 
the larvae have fully repleted, and were 
ready to detach from the host. From an 
estimated 15,050 larvae that were in- 
oculated, a total of 10,946, or approxi- 
mately 73 per cent of the larvae com- 
pleted engorgement. 

The average weight of a 6 week old 
unengorged larva is .044 mg. When fully 
engorged, larvae weighed from .95 to 
1.35 mg. with a mean of 1.05 mg. This is 
an approximate 24 fold increase in weight 
after feeding. 

The period of time required to complete 
engorgement of approximately 11,000 
seed ticks are shown in table 1. 


Table 1.—Time required for the engorgement 
of larvae. 








LARVAE ENGORGED ON STATED 
ConsEcuTIVE Days 











Day AFTER 

INOCULATION Number Per Cent 

3 114 2 

4 3,611 33.0 

5 4,216 38.5 

6 1,957 17.8 

7 715 6.5 

8 284 2.6 

9 27 A 

10 23 8 

Total 10,946 100.0 





As shown in table 1, almost 90 per cent 
of the larvae completely engorged on the 
4th, 5th, and 6th days, and over 70 per 
cent of the engorged large dropped on the 
4th or 5th day. 

Movuttine or ENGorcep Larvar.— 
After dropping, the engorged larvae 
crawl about within the capsule in an effort 
to find some crevice in which to rest. 
When the engorged larvae are placed into 
holding tubes, they come to rest through- 
out the tube, often concentrating around 
the cotton plug. 

There are no externally visible signs of 
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the moulting process for several days after 
the larva detach. Gradually, the body 
mass of the larva concentrate at the pos- 
terior end of the old larval skin. Within a 
day or two before the ecdysis, the lateral 
and anterior margins of. the engorged 
larva became hyaline. 

The old larval skin splits transversely 
starting at the vertex of the posterior end. 
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Fie. 1.—Effect of temperature on moulting of 
engorged larvae. 


This split continues anteriorly along the 
lateral margins until the dorsal and ven- 
tral halves are connected only at the head 
end. The posterior portion of the newly 
moulted nymph protrudes first. 

The per cent of the engorged larvae 
that successfully moult and the time re- 
quired for the moulting period depended 
upon the temperature and relative humid- 
ity. Table 2 shows the effect of tempera- 
ture on the number of engorged larvae 
that moulted. 

Figure 1 graphically compares the per- 
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centage moult for engorged larvae kept 
at 28° C., 30° C., 33° C. and 40° C. that 
occurred on each day. 

At 30° C. engorged larvae started to 
moult the eighth day. This was from 1 to 3 
days prior to those kept at the other 
temperatures. The last engorged larvae 
that mouited were those kept at the low- 
est temperature, 28° C. This was from 4 
to 7 days later than those at the other 
temperatures. The last moult occurred on 
the fifteenth, sixteenth, and the eight- 
eenth day after repletion at the tempera- 
tures of 40° C., 30° C., and 33° C., re- 
spectively. 

The curve representing the moulting 
of engorged larvae kept at 28° C. has a 


Table 2.—Effect of temperature on the number 
of engorged larvae that moulted. 











TEMPER- 
ATURE No. 
Decrees ENGORGED No. Per Cent 
C. LARVAE Movu.tep Mov.rtep 
4 20 0 0 
20 40 22 55 
28 1,532 1,349 88 
30 1,620 1,512 93 
33 380 313 - 83 
40 150 61 41 





broad base ranging from 10 to 22 days, 
with the peaks occurring on the thirteenth 
fourteenth, and fifteenth days. Engorged 
larvae kept at 30° C. had their peak 
moult on the tenth day, approximately 
four days prior to those kept at 28° C. 
At 38° C. the engorged larvae moulted 
with the peak at the twelfth and thir- 
teenth days. This was faster than those 
kept at 28° C., but slower than those 
kept at 30° C. At 40° C. the peak moult of 
engorged larvae occurred from the elev- 
enth to the fourteenth day. From the data 
presented on the moulting of engorged 
larvae, it can be concluded that 30° C. 
is the optimum temperature or is closer 
than the other temperatures to this op- 
timum. 

The importance of humidity in the 
laboratory rearing of ticks has been recog- 
nized by several investigators. Gregson 
(1942) claimed that the humidity re- 
quirements for practically all Ixodids 
was very high, even 100 per cent relative 
humidity, although condensed moisture 
should be avoided. Howell (1939) reared 
Dermacentor albipictus Pack. in the lab- 
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oratory and stated that ticks in all stages 
of development preferred a relative hu- 
midity of above 70 per cent, and many 
chose one over 85 per cent. 

In order to determine at what relative 
humidities there would be the greatest 
survival in the moulting of engorged 
larvae, tests were conducted in which 
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ment is not apparent for the first days of 
attachment, but becomes noticeable, ap- 
proximately 2 days before the fully en- 
gorged nymphs detach. 

The mean weight of unengorged 
nymphs 19 weeks old is .24 mg. When 
fully engorged their average weight is 8.9 
mg. representing a 37 fold increase. 


Table 3.—Effect of relative humidity on moulting of engorged larvae. Temperature at 28° C. 














Per CENT NUMBER NumsBer Mow ttep on Consecutive Days Tora. 
RELATIVE IN NUMBER 
HumipitTy CHEMICAL TEstT 10 ll 12 13 14 15 Movwtrep 
100 H,O 20 0 0 1 13 2 4 20 
92 K.SO, 20 0 0 1 + 11 3 19 
91 KNO; 20 0 0 6 2 3 4 15 
87 Na,CO; 20 0 0 2 3 13 1 19 
83 Cl 20 3 6 7 0 0 1 17 
79 (NH,)2SO, 20 3 1 5 Q 2 2 15 
72 NH,Cl 20 4 1 0 0 1 0 6 





Table 4.—Effect of relative humidity on moulting of engorged larvae. Temperature 30° C. 














Per CENT NUMBER NuMBER Movtrep on Consecutive Days Tora. 
RELATIVE IN NUMBER 
Humipity CHEMICAL TEst 8 9 10 11 12 13 14 15 MovuLrtTep 
100 H,O 45 0 17 19 3 1 2 0 0 41 
92 K.SO, 45 0 26 16 0 1 0 0 0 43 
91 KNO; 45 2 18 15 1 + 0 1 0 42 
87 NaeCO; 45 2 15 21 2 2 1 0 0 43 
83 KCl 45 0 5 10 5 12 3 3 0 39 
79 (NH,4)2SO, 45 0 1 10 8 13 2 1 4 37 
72 NH,Cl 45 0 0 9 5 9 6 1 6 36 





the relative humidities were varied from 
72 per cent to 100 per cent. The desired 
relative humidities were obtained by uti- 
lizing saturated salt solutions. The results 
of the effect of relative humidities on the 
moulting of engorged larvae kept at 28° 
C. and 30° C. are shown in tables 3 and 4. 

At both 28° C. and 30° C. the greatest 
number to moult were those kept at rela- 
tive humidities from 100 to 87 per cent. 
There was a gradual reduction in the 
number moulted as the relative humidity 
was decreased. In contrast with the ex- 
periments conducted at 28° C. in which 
those engorged larvae kept at relative 
humidities of from 83 to 72 per cent moul- 
ted first, at 30° C. the converse happened. 

ENGORGEMENT OF Nympus.—The un- 
engorged nymphs can be kept at room 
temperature (21° C.) in the described 
holding tube for 22 weeks, without notice- 
able mortality. 

The nymphs attached to the host with- 
in a few hours. As with larvae, engorge- 


Of 1265 nymphs inoculated, 1015, or 
approximately 80 per cent completed en- 
gorgement. Records taken to determine 
the time necessary for engorgement of 
913 nymphs are shown in table 5. 

Mouttine oF ENGorGED Nympus.— 
Upon completion of engorgement, the 
nymphs are placed in the holding tubes, 


Table 5.—Time required for the engorgement 
of nymphs. 








Nympus ENGORGED ON STATED 
ConsECUTIVE Days 











Day AFTER — 
INOCULATION Number Per Cent 
3 1 .l 
+ 302 33.3 
5 316 35.5 
6 191 20.9 
7 80 8.7 
8 13 1.4 
9 8 9 
10 2 2 
Total 913 100.0 
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where they crawled about actively in an 
attempt to find a suitable site to lodge. 
They come to rest throughout the hold- 
ing tube, securing themselves on the cot- 
ton plug, sides of the tube, or on the bot- 
tom of the tube. 

For about a week, there are no visible 
signs of the moulting process. Thereafter, 
the anterior portions of the engorged 
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Fic. 2.—Effect of temperature on moulting of 
engorged nymphs. 


nymphs become hyaline, with the dark- 
ened body mass concentrating at the pos- 
terior end of the old nymphal skin. Within 
two or three days before ecdysis, the ex- 
ternal features of the adult are in evidence. 

The nymphal skin splits transversely at 
the ventral posterior end and this split 
continues anteriorly along the lateral 
margins. The posterior portion of the 
adult protrudes first, and with the aid of 
the hind legs it manages to escape from 
the old nymphal skin. The actual ecdysis 
may take several hours. 

Fifteen engorged nymphs were kept at 
20° C., and only one male emerged. 
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From 217 engorged nymphs kept at 
28° C., 213, or about 98 per cent, de- 
veloped to adults. At 30° C., 208 of 209, or 
practically 100 per cent, moulted. There 
was 100 per cent moult when 112 others 
were kept at 33° C. 

The time required for engorgement has 
no effect on the time necessary to moult. 
The time required to moult depends to 
some extent on the temperature at which 
the engorged nymphs are kept. Figure 2 
shows the time necessary to moult for 
nymphs kept at 28° C., 30° C., and 33°C. 

As shown in figure 2 a range of from 
13 to 24 days was required for the en- 
gorged nymphs kept at 28° C. to moult, 
but 82 per cent of them moulted on the 
sixteenth to ninteenth days. Of those 
kept at 30° C., 9 to 23 days were neces- 
sary for all of them to moult, however 77- 
per cent of the engorged nymphs moulted 
on the fourteenth to seventeenth days. At 
33° C., there was a range of from 14 to 22 
days, with 77 per cent moulting on the 
fifteenth to eighteenth days. Since the 
moulting of the engorged nymphs occurred 
somewhat sooner at 30° C. than at either 
28° C. or 33° C. it was felt that this tem- 
perature should be utilized. 

Although not shown in figure 2, at 
28° C. both males and females required the 
same amount of time to emerge; however, 
at both 30° C. and 33° there was a definite 
tendency for the males to emerge first. 
At the lower temperature there was an 
equal number of males and females pro- 
duced, but at the higher temperatures 
almost twice as many females as males 
emerged. 

ENGORGEMENT OF ApuLTs.—The time 
of initiation of feeding by adult ticks var- 
ies considerably. It has been noticed that 
some adults insert their mouth parts 
immediately upon reaching the surface 
of the host while the majority of them 
wander about within the capsule for a 
number of hours before attaching. Others 
do not attach for 2 to 3 days, and some 
adults never attach and eventually die. 
The male often attaches before the fe- 
male. 

Once the female is attached, she rarely 
moves; however, the male frequently 
moves within the capsule during the 
period of attachment. Fertilization of the 
female occurs on the host while the adults 
are feeding. Both the male and the female 
feed before copulation. The male seeks the 
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female and reattaches to the host beneath 
the site of attachment of the female in 
such a manner that the ventral surface 
of the male makes contact with the ven- 
tral surface of the female. 

The male does not show marked en- 
largement throughout its feeding period 
although some males remain attached for 
as long as 20 days after the female has 
detached. 

The time necessary to complete en- 
gorgement of 90 adult females, computed 
from the date of inoculation to the date of 
detachment varied from 9 to 23 days, 
with a mean of 13.5 days. Approximately 
70 per cent of the females completed en- 
gorgement within the 12 to 16 day period. 
The average weight of week-old females 
is 6.0 mg., while the average week-old 
male weighs only 3.2 mg. When fully 
engorged the average female weighes 451 
mg. with a maximum of 710 mg. This is a 
79 fold increase in weight. 

Oviposirion.—The female may ovi- 
posit almost immediately, or wait several 
weeks, before initiating oviposition. 
There seems to be no correlation between 
the time of engorgement and the pre- 
oviposition period, nor is there any ap- 
parent relationship between the number 
of eggs laid and the preoviposition period. 

The time interval between the date 
of dropping from the host and the begin- 
ning of egg deposition for 47 engorged 
females varies from 1 to 29 days. The mean 
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preoviposition period is 6.5 days. 

The oviposition period has, in some 
cases, lasted over 2 weeks. 

SUMMARY AND Conc.usions.—The lone 
star tick, Amblyomma americanum (L), 
can be successfully reared in quantity in 
the laboratory. The rabbit is a satisfac- 
tory host animal on which 73 per cent of 
the inoculated larvae, and 80 per cent of 
the inoculated nymphs successfully re- 
plete. 

A modification of the capsule method 
is utilized for infesting the host animal. 

From the data presented, 30° C. is 
closest to the optimum for the moulting 
of engorged larvae and engorged nymphs. 

A relative humidity of from 85 to 100 
per cent is most favorable. 

The average life cycle when all stages 
are incubated at 30° C is as follows: The 
engorged female lays 3500 eggs, which 
require an incubation period of 25 days. 
The larvae engorge in from 4 to 5 days, 
from which the nymphs moult on the 
tenth day. The nymphs engorge after 5 
days feeding, and the adults emerge after 
16 days. The fertilized female engorges 
on the thirteenth day after attachment, 
and begins oviposition 7 days later. The 
average time to complete a generation is 
therefore 81 days. In laboratory practice, 
2 weeks are allowed between the ecdysis 
and reinoculation. Thus the complete 
life cycle can be obtained in approxi- 
mately 4 months. 
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Dr. CREIGHTON TO GO TO CENTRAL AMERICA 


Dr. John T. Creighton, Head of The Department 
of Entomology of The University of Florida has 
taken professional leave from the University in 
order to accept an assignment at the Inter-American 
Institute of Agricultural Sciences. The Institute is 
located at Turrialba in Costa Rica. 

Doctor Creighton will be charged with the re- 
sponsibility of projecting a research program for the 


Institute in the field of entomology. This will neces- 
sitate a survey of the major insect problems of the 
economic plants and animals. He will also be per- 
mitted to encourage and aid in the development of a 
department of entomology for the institute. 

Doctor and Mrs. Creighton will sail from New 
York on June 9. They will return by way of Mexico 
in September. 











Comparative Toxicity of Insecticides Administered in 
Various Ways to Several Species of Insects! 
H. Menusan, Jr,? Rutgers University, New Brunswick, N. J. 


In order to avoid many of the variables 
which are inherent in various insecticidal 
evaluation methods, a blood stream in- 
jection method was developed as a basic 
measure of insecticidal activity. The steps 
leading up to the development of this 
method, a review of pertinent literature, 
and a description of the equipment 
which was designed specifically for this 
purpose is taken up in a paper by Heal & 
Menusan (1948). 

In addition to the blood stream test 
for insecticidal activity, two additional 
tests have been used, namely a contact 
test and an oral feeding of measured 
dosages of insecticides. These three meth- 
ods can be used to evaluate materials in 
terms of blood stream activity, contact 
toxicity, and stomach poisoning action. 

EXPERIMENTAL Insects.—The adult 
stage of the American roach, Periplaneta 
americana (L.), was used as the primary 
test insect. Rigid control of the food and 
the rearing environment produced roaches 
whose insecticidal resistance was main- 
tained at a constant high level (Heal 1948). 
Cockroaches were used that had been 
adults for at least 2 months but not more 
than 4 months. 

In addition to the American cockroach, 
four other species of insects were injected 
with insecticides in the blood stream. 
These insects were: field collected adults 
of Popillia japonica Newn. and Anasa 
tristis (Deg.); larvae of Ceratomia catalpae 
(Bdvl.); and reared larvae of Bombyx 
mort (L.). For contact toxicity determina- 
tions two additional insects were used. 
These were reared adults of Oncopeltus 
faciatus (Dall.) and Tenebrio molitor L. 

Insects used were selected, in so far as 
possible, for uniformity and lack of dis- 
ease. 

The size and weight of individual in- 
sects varied considerably, however, even 

Eastern Branch Program. 

1 The results reported in this paper were obtained at Rutgers 
University between February 1940 and January 1943, in connec- 
tion with a research fellowship established by the National Car- 
bon Co. Philip Granett, Harry Haynes, Martin Sherman were 
cupecially helpful in performing the experiments and recording 

2 Present address is Division of Agriculture Extension, Penn- 
sylvania State College, State Colle; 


, Pa. 
3 Journal Series paper of the New Jersey Agricultural Experi- 
ment Station, Rutgers University, Department of Entomology. 


for those which were reared in a controlled 
environment with an excess of food. For 
most insects no attempt was made to de- 
termine the sex or to keep sex data sepa- 
rately, that is, the tests were run on a 
mixed population. However, with the 
American cockroach the data was kept 
separately for each sex. The following 
table summarizes the data on the weight 
of insects. 


Table 1.—Weights of various insects. 











Av. 
WEIGHT 
WEIGHT oF INDIVv. 
VARIATION INSECT 
INSECTS IN GRAMS___IN GRAMS 
Periplaneta americana: 
Males .70-1.15 .90 
Females 1.00-1.90 1.30 
Anasa tristis .08— .16 .126 
Oncopeltus faciatus .04- .09 .065 
Popillia japonica .O7- .14 .096 
Tenebrio molitor .08-— .t5 .105 
Ceratomia catalpae, larvae 1.00-2.30 1.50 
Bombyx mori, larvae .60-1.90 1.20 





EXPERIMENTAL Metuops.—All insects 
were cooled before treatment in an electric 
ice cream refrigerator. The period of cool- 
ing varied from 1.5 to 2 hours, at an aver- 
age temperature of 28° F. This precooling 
renders the insects inactive, facilitates 
handling and prevents undesirable body 
movement during insecticidal treatment. 
Overcooling is not desirable, particularly 
for the cockroach, silkworm and catalpa 
worm. These three insects were rendered 
more susceptible to insecticides when 
exposed for any length of time to tempera- 
tures below 25° F. The other insects used 
could withstand lower temperatures with- 
out any appreciable injury. 

Overcooling of all insects tended to in- 
crease the possibility of bleeding during 
blood stream injection. For this reason, 
it is desirable to cool insects just enough 
tostop body movements during treatment. 
After cooling, the insects were weighed 
on a small, rapid, chemical balance and 
their sex noted when desired. 

Boop StreaM InsEctTIon.—The cooled 
weighed insect, held ventral side up, was 
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gently but firmly placed upon a 27 gauge, 
0.75 inch, steel Luer needle which was 
directly attached (through a ground glass 
joint) to a graduated micropipette con- 
taining the insecticide. Pressure was then 
exerted by means of a screw mechanism 
to force the desired volume of insecticide 
directly into the blood stream. The vol- 
ume of insecticide injected was held con- 
stant between 0.02 ce. and 0.05 cc. per 
gram of insect and dosages required ob- 
tained by varying the concentration. 
Large insects, such as the cockroach, 
silkworm and catalpa worm, were usually 
injected at the 0.02 cc. per gram rate and 
all the other insects at the 0.05 cc per 
gram rate. 

The point of injection varied with the 
different insects. The cockroach and 
squash bug were injected through the 
conjunctiva of the third right ventral 
abdominal segment, between the spiracle 
and the nearest edge of the body. The 
needle, pointing anteriorly, was main- 
tained parallel to the integument and in- 
serted for about 0.1 inch. The lepidop- 
terous larvae were injected at the lateral 
fold at the base of the front left proleg, 
while the Japanese beetle was injected in 
the left ventral thorax. 

All the insecticides injected in the blood 
stream of insects were aqueous solutions, 
emulsions or suspensions. Suspensions 
and emulsions were passed through a hand 
homogenizor to render then as uniform 
as possible before injection. Organic solv- 
ents could not be used as the diluent since 
they were too toxic to insects. When or- 
ganic solvents were required to facilitate 
making an aqueous emulsion or suspension 
of an organic material, acetone or methyl 
ethyl ketone was used at a maximum of 
about one-fourth the non-lethal dosage. 
In these cases sodium oleate was used as 
the emulsifying agent. The sodium oleate 
concentration varied directly with the 
concentration of the insecticide but never 
exceeded 0.1 per cent soap. This small 
amount of soap had no effect on the in- 
sects, since non-lethal dosages of sodium 
oleate were from 20 to 50 times this con- 
centration. 

Contact Toxicity.—The contact tests 
were generally made by placing measured 
volumes of insecticide on the ventral sur- 
face of the insect beginning with the meso- 
thorax and covering most of the abdomen. 
This procedure was a modification of the 
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drop method of Nelson e al. (1934). In 
the case of lepidopterous larvae the in- 
secticide was applied on the dorsal surface 
of the body. Preliminary tests with the 
American cockroach did not indicate any 
difference in toxicity between ventral 
and dorsal (underneath the wings) in- 
secticidal applications. 

The insecticides for contact tests were 
usually dissolved in ethyl alcohol or ace- 
tone before application, although with 
borax, sodium fluoride, and arsenates, 
aqueous solutions or suspensions were 
used. Controls were observed to be cer- 
tain that the solvent exhibited no contact 
toxicity. The volume used was 0.02 cc. 
per gram for the lepidopterous larvae and 
the coackroach and from 0.05 to 0.07 ce. 
per gram for the other insects. 

Orat FEEDING OF THE CocKROACH.— 
A special blunt needle was required for 
the oral feeding or crop injection of the 
cockroach. The Luer steel needle used in 
the blood stream injection was ground 
down into a smooth blunt point. 

The blunt needle was mounted on the 
micropipette in the manner described for 
the blood stream test. The needle was 
inserted into the oral cavity of the cock- 
roach and gently worked into the oesoph- 
agus opening. 

With the tip of the blunt needle in the 
oesophagus, the crop iniection was started 
by applying pressure on the aqueous 
column in the pipette. A properly cooled 
roach swallows the insecticidal volume 
forced into its oesophagus in this manner. 
For crop injection, the roaches required 
less cooling than for the blood stream 
injection. Cooling periods of less than 
half an hour at 28° F. were long enough 
to prevent violent movements and still 
have the cockroach active enough to drink 
the insecticide. The volume of insecticide 
used for crop injection was maintained 
at 0.05 cc. per gram except for materials 
with little toxicity when 0.1 cc. per gram 
was used. 

ProcepurRE AFTER TREATMENT.—All 
treated insects were placed in groups of 5 
to 10, in cheesecloth covered glass jars for 
daily observations for a minimum period 
of 6 days and a maximum of 14 days after 
testing. The insects were placed in three 
categories: 1, dead; 2, paralyzed (unable 
to retain their footing and move about); 
3, not affected. In the third group many 
insects were partially affected for periods 
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of from 1 to 4 days but always recovered 
from the treatment. 

It was found, by repeated observations, 
that insects paralyzed for 4 days after 
blood stream injection seldom if ever re- 
covered. Thus, for the injection results 
reported in this paper all insects paralyzed 
for 4 days or more were considered dead. 
With the contact and oral feeding tests 
the 6-day results appeared to be more 
consistent than the 4-day results. This 
was due to some insects affected but not 
paralyzed. However, by the sixth day 
these borderline cases could be classified. 

The data obtained at the end of 4 to 
6 days, depending on the test method, 
were plotted on graph paper to obtain the 
dosage-mortality results reported in this 
paper. Whenever a test was repeated, all 
results obtained were plotted and a curve 
fitted to the points obtained experimen- 
tally. From 5 to 10 different concentra- 
tions of each insecticide were normally 
used to obtain a toxicity curve, with at 
least 10 insects used at each concentra- 
tion. Results obtained were not corrected 
for natural mortality, since this mortality 
was less than 0.2 per cent for all the in- 
sects used. 

All the dosage figures can be modified 
somewhat by the time and criterion in- 
volved. Higher dosage figures would re- 
sult if the data were taken at the end of 1 
day and death was the criterion, instead 
of death and paralysis at the end of 4 to 6 
days. 

Some of the insects could go for a long 
period without food or water. Among 
these insects were the cockroach, meal- 
worm beetle and squash bug. All other 
test insects either had to have food or 
water to avoid mortality due to starvation 
or water loss. In these cases, the food was 
changed daily during the period of ob- 
servation. Where observations had to be 
carried on for more than 1 week cock- 
roaches were sometimes fed and watered. 
This was to avoid any possibility of com- 
plications from partial starvation. 

RESULTS WITH THE AMERICAN CocK- 
ROoACH.—Blood Stream. The blood stream 
results clearly indicate the large differ- 
ences in toxicity between the various in- 
secticides tested. Pyrethrins were slightly 
more effective than rotenone (excluding 
the derris resins) and these two materials 
were about six times more toxic to the 
roach than sodium arsenate. The free 
alkaloid, nicotine, and sodium fluoride 
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exhibited less than half the toxic action of 
sodium arsenate, dichloroethyl ether and 
acid lead arsenate were considerably less 
effective than nicotine while sodium 
tetraborate (borax) possessed slight toxic- 
ity to the roach. 

Nicotine is normally regarded as a 
quick killing insecticide, although it was 
observed that injected lethal dosages 
would paralyze roaches for long periods 
before death ensued. In the case of sub- 
lethal dosages of nicotine, convulsions 
were noticed as soon as the roach recov- 
ered from the chilling received previous 
to injection. The convulsions were rapid, 
unconnected movements of the legs, 
mouth parts, antennae and wings. The 
convulsion period was followed by paral- 
ysis, the duration of which depended on 
the dosage. In the majority of cases, 
where recovery took place, the duration 
of paralysis was less than 24 hours. Occa- 
sionally, however, with dosages bordering 
on the lethal the nicotine paralysis lasted 
for 3 days before the roaches completely 
recovered. 

Pyrethrins injected into the blood 
stream of the roach reacted in many ways 
like nicotine. With the pyrethrins the 
convulsions were preceded by a period of 
excitation. The convulsions are slightly 
more marked with pyrethrins than with 
nicotine. Recovery, as with nicotine, 
usually occurred within the first day. 
Both pyrethrum and nicotine are reported 
to be nerve poisons, acting through the 
destruction of the central nervous system. 
It is possible that their parallelism of toxic- 
ity symptoms is due to their similarity 
of toxic action. 

Derris extracts or rotenone when in- 
jected into the blood stream of the roach 
react quite differently from nicotine or 
pyrethrins. Neither paralysis nor convul- 
sions were clearly evident. Lethal dosages 
of rotenone resulted in rapid mortality, 
in a few hours or within the first day, in 
contrast to the relatively slow mortality 
of nicotine and pyrethrins. There was 
some difficulty in suspending pure rote- 
none crystals in aqueous suspensions. For 
this reason total extractives containing 25 
per cent rotenone were used in all the 
comparative tests. 

The arsenates and fluorides tested re- 
acted similarly in the blood stream of the 
roach. A dosage at the lethal level might 
not affect the roach for 1 to 2 days after 
it was injected. If a large dosage greatly 
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in excess of the lethal dosage, was injected 
death resulted in a few hour. Sublethal 
dosages had no specific observable effects 
although reductions in normal activity 
were observed. 

Borax, sodium tetraborate, was very 
slowly toxic. Lethal dosages required 6 
days or more to kill the roach. Because of 
the slow toxicity of borax the results 
were taken 8 days after injection. With 
the long test period involved, the roaches 
were fed and watered as indicated in the 
test procedure. The addition of food and 
water did not modify the results. Borax 
exhibited only 5 per cent as great toxicity 
as sodium fluoride. 

The seven compounds previously dis- 
cussed vary greatly in their blood stream 
toxicity but they all show the female 
roach to be more resistant to insecticides 
than the male. This difference in insecti- 
cidal resistance of the sexes varied with 
the insecticide; for example, it was rela- 
tively a small but significant difference 
with sodium fluoride, but with lead ar- 
senate and pyrethrins the female exhibited 
‘twice as great resistance as the male. The 
female was not always the more resistant 
sex as demonstrated by the results ob- 
tained with 8, 8’ dichloroethyl ether. In 
this case the female was only half as re- 
sistant as the male. Thus, although the fe- 
male roach was more resistant to the in- 
secticides in general use the male roach 
was found to be more resistant to di- 
chloroethyl ether. 

In addition to the insecticides discussed 
above, more than 250 other compounds 
were injected into the blood stream of the 
cockroach. A few of these materials are 
included in table 2 for comparison with 
the insecticides already mentioned. Only 
two of these included materials (sodium 
4,6-dinitro-o-cresylate and DDT) were 
highly toxic. Copper sulphate exhibited 
more toxicity than expected when in- 
jected into the blood stream. This toxic- 
ity was not due to pH changes since 0.15 
mgs. of hydrochloric acid per gram of cock- 
roach was nontoxic. 

For many of these materials, only a few 
points on the toxicity curve were deter- 
mined and these results are only approxi- 
mations. Where a limited number of toxic- 
ity points were determined, the results for 
males and females were lumped together. 

Contact Txsts.—Only cockroaches 
were used in these experiments. The ef- 
fectiveness of contact insecticides de- 


MeEnusan: CoMPARATIVE Toxicity OF INSECTICIDES 


305 


pends to a great extent on the ability of 
the material to wet the insect integument. 
In this investigation ethyl alcohol or 
acetone was used as solvents for the in- 
secticides in order to avoid wetting diffi- 
culties. In the cases of such water soluble 
materials as sodium arsenate, sodium 
fluoride and borax the aqueous solutions 
contained wetting agents or were diluted 
with equal volumes of alcohol. After the 
insecticide solution wets the roach the 
material must penetrate and reach some 
vital part before toxicity is exhibited. 

The reactions of the insect to the in- 
secticides applied by contact were similar 
to those obtained by injection into the 
blood stream. Usually at least twice the 
blood stream dosage was required to ob- 
tain equal toxicity on contact, although 
pyrethrins and rotenone were exceptions 
to this generality. 

Pyrethrins were as toxic by contact as 
they were by injection. This would indi- 
cate that pyrethrins either penetrate the 
exoskeleton very readily or that pyrethrin 
toxicity was exerted by contact on the 
nerve pores of the roach. The evidence 
obtained tends to support the rapid pene- 
tration hypothesis rather than toxicity on 
nerve endings. 

In connection with the contact toxicity 
of pyrethrins it was noted that lethal and 
sublethal dosages acted as a purgative on 
the roach. Another peculiarity of roaches 
treated with pyrethrins was the tendency 
for the abdomen to shrink in size. This 
was particularly marked with paralyzed 
females, although also present in the 
males, and occurred long before the death 
of the insect. This was in marked contrast 
to the effect of other contact insecticides 
which either had no effect or tended to 
cause the abdomen to enlarge (particu- 
larly noticeable with nicotine). The con- 
traction of the abdomen appears to be the 
result of muscular action which may also 
explain the purging of the pyrethrum 
treated roaches. 

Rotenone which exhibited a_ blood 
stream toxicity practically equal to that of 
the pyrethrins was not toxic when applied 
by contact. The derris extract appeared to 
remain more or less unchanged for a week 
or more on the body of the roach. The 
nontoxic contact dosages of rotenone were 
over 150 times the blood stream lethal 
dosages. It was evident that the rotenone 
molecule was unable to penetrate the 
exoskeleton of the roach. 
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The relatively high contact toxicity of 
sodium arsenate and sodium fluoride to 
the cockroach was striking. The arsenate 
or fluoride did not have to be in aqueous 
solution to exert contact toxicity since fine 
suspensions in a water-alcohol mixture 
(1:1) or powdered sodium arsenate and 
sodium fluoride applied to the roach re- 
sulted in toxicity equal to that of the 
aqueous solutions. The easy penetration of 
these water soluble compounds into the 
waxy covered integument of the roach is 
rather difficult to harmonize with the idea 
that penetrability is associated with fat 
solubility. 

Nicotine was not particularly effective 
as a contact insecticide on the American 
roach. When the blood stream toxicity 
dosages and contact dosages were com- 
pared it was found that three to six times 
the blood stream dosages were required to 
exhibit equal contact toxicity. Most of the 
other compounds tested, such as pyre- 
thrins, lead arsenate, sodium fluoride, 
borax and dichloroethy] ether, had smaller 
ratios of contact-blood stream dosages in- 
dicating better penetrability. 

Sodium borate exhibited such low con- 
tact toxicity that it was impossible to 
obtain contact toxicity dosages with fe- 
males. Borax was only slightly toxic in the 
blood stream and although it exhibited 
rather high penetrability very high con- 
tact dosages would be required for toxic- 
ity. 

The distinction between dichloroethyl 
ether and most other contact insecticides 
so far tried, was that the female roach suc- 
cumbs before the male. With the other 
contact insecticides the reverse was true, 
all the males were usually dead before the 
females were affected. As a contact insec- 
ticide for the female roach dichloroethyl 
ether was as effective as nicotine. How- 
ever, nicotine was about four times more 
toxic to the males than was the ether. 
These results agree with those obtained on 
injection into the blood stream of the 
roach. 

The tests with the American cockroach, 
showed the female to be from 1.6 to 13.3 
times more resistant than the male to 
contact insecticides with an average value 
of 3.7 for 8 insecticides. This compared 
with sex differences on injection varying 
from 1.1 to 2.4 with females averaging 1.6 
times the resistance of the males. 

OrAL Freepine.—Various methods for 
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the evaluation of stomach poisoning ac- 
tivity of insecticides have been used. 
Measured by the number of publications, 
the leaf-sandwich method is the preferred 
quantitative method and the general feed- 
ing of poisoned food or foliage is the usual 
qualitative method of measuring the 
stomach toxicity of materials. 

In our tests, only one compound lead 
arsenate, was as toxic by oral feeding as it 
was by blood stream injection. In this 
case the toxicity by crop exceeded that 
obtained in the blood stream. Solubility 
factors may account for the greater crop 
toxicity, as lead arsenate may be more 
soluble in the gut of the roach than it is 
in the blood stream. This question can 
only be answered by data on the compara- 
tive pH of the gut and the blood of the 
American cockroach. Another possible 
explanation would be that the particles of 
suspended lead arsenate are segregated by 
the phagocytic blood cells and thus the 
lead arsenate blood stream toxicity would 
be reduced. Some results with small- 
volume blood stream injection tended to 
lend support to this theory. 

With the exception of colloidal lead 
arsenate, all the results obtained with the 
oral feeding are remarkably similar to the 
toxicity results obtained with the contact 
tests against roaches. Materials that were 
highly toxic by the blood stream injection 
but not toxic on contact were not toxic 
when injected orally into the crop. In the 
results presented in table 2, this phenome- 
non is illustrated by the data obtained 
with derris extractives. Other materials 
tested but not reported gave results agree- 
ing with those obtained with derris ex- 
tractives. 

The water soluble sodium fluoride, so- 
dium arsenate and sodium borate were all 
considerably less effective insecticides 
when fed than when applied by contact. 
All these water soluble insecticides appear 
to penetrate the cuticle of the roach more 
readily than they are absorbed from the 
digestive tract of this insect. Even water 
soluble nicotine is much less effective in 
the crop than it is when used as a contact 
insecticide. The low toxicity of crop in- 
jected nicotine supports the theory, ad- 
vanced by some workers, that nicotine in- 
secticidal preparations (including fixed 
nicotine) kill by contact toxicity and not 
primarily as stomach poisons. 

Pyrethrins, although more effective 
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than any other material tried in the crop, 
were only about one-third as effective 
as when used as a contact insecticide. This 
means, that for a roach to be killed by 
stomach action, it would have to take by 
mouth three times the amount of contact 
pyrethrins required to cause death. Ob- 
servations made in the laboratory indicate 
that the mouth parts of the roach would 
become paralyzed (by contact action) by 
the pyrethrins long before the roach could 
obtain a stomach lethal dose. As a matter 
of fact, the American roach avoids eating 
poison or poisoned food. These observa- 
tions in connection with the experimental 
results clearly demonstrated that pyre- 
thrins used for the control of roaches must 
kill entirely by contact action. 

Dichloroethyl ether was the only other 
material (beside lead arsenate) that was 
more effective in the crop than when ap- 
plied by contact. Its crop toxicity was 
considerably lower than the blood stream 
toxicity. Dichloroethyl ether is rather 
readily volatilized; the increased toxicity 
of crop over contact dichloroethyl ether 
may have been due to the partial loss by 
vaporization of the latter application. The 
greater susceptibility of the female roach 
to dichloroethy] ether, first observed with 
blood stream injections and also found on 
contact, was again observed in the oral 
feeding. No matter how dichloroethyl 
ether was tested against the roach it re- 
quired only half the male lethal dosage to 
incapacitate the female roach. 

Resutts with OruHer Insects.—From 
the preceding data with the American 
cockroach it is evident that the injection 
method apparently gives a reasonable 
picture of the toxicity of injected com- 
pounds when compared with contact and 
feeding tests. Insecticidal data based on 
tests with only one insect has often, in the 
past, proved to be an unreliable guide 
when applied to other insects. With the 
relatively new laboratory methods de- 
veloped it was highly desirable to include 
as many different insects as possible in 
order to test the reliability of these meth- 
ods. 

The equipment for the tests was pri- 
marily obtained, or developed, for use in 
testing the cockroach which averaged 
more than 1 gram in weight. With slight 
adjustments, tests could be conducted on 
insects weighing from 0.1 to 5.0 grams. 
However, the injector was too large. to be 
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highly efficient against insects that aver- 
aged much less than 0.1 gram. 

Boop STREAM RESULTS WITH VARIOUS 
InsEcts.—A summary of the blood stream 
toxicity of insecticides to various insects is 
presented in table 3. The data was limited 
to those insecticides that have been tried 
at enough points to obtain a toxicity 
curve. All results were taken on the fourth 
day on mixed populations of males and fe- 
males. The accuracy of the data foreach 
insect depends in great part on the vari- 
ability of the insect and the number of in- 
dividuals used to determine the toxicity 
curve. The Japanese beetle exhibited the 
greatest variability while the squash bug 
and the American cockroach reacted most 
uniformly to insecticidal treatments. We 
would thus expect the most accurate data 
with the cockroach and the least depend- 
able with the Japanese beetle. 

The insects used for blood stream injec- 
tion tests exhibited considerable differ- 
ences in their susceptibility to the insecti- 
cides used. The silkworm was so highly 
susceptibility that work with this insect 
was discontinued after the tests with nico- 
tine. The catalpa larvae were next in 
susceptibility to insecticides but exhibited 
a great deal more resistance than the silk- 
worm. The American cockroach was in 
general less resistant to the insecticides 
than the squash bug while the Japanese 
beetle was the most resistant insect used. 

The order of effectiveness of the insecti- 
cides tested remained the same regardless 
of the insect used (in spite of the specific 
differences in insecticidal susceptibility). 
Rotenone and pyrethrins, the most effec- 
tive insecticides in the blood stream, were 
equally effective against all the insects 
used, although the pyrethrins appeared to 
be slightly more effective than rotenone 
against the cockroach. Sodium arsenate 
was from three to nine times more toxic 
than injected nicotine, varying with the 
different species. 

Contact Tests witH Various InN- 
sEcts.—The contact test results were 
taken 6 days after treatment, and con- 
ducted as described in the early part of 
this paper. 

The silkworm was again highly sus- 
ceptible to insecticides, when applied by 
contact. Sufficient silkworms were used to 
determine the toxicity curve for nicotine. 
The silkworm was so easy to kill that it 
was of little value as a test insect. The 
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Table 2.—The comparative toxicity of insecticides when tested against the American cockroach 
in various ways. The dosage given in milligrams of insecticide per gram of cockroach. 








INsEecTION IN BLoop 





























No. 
INSECTICIDE Usep 0% 50% 100% 
Nicotine (free alkaloid) 68M. .08 .08 .14 
92F .08 -12 .20 
Pyrethrins (Pyrethrins I +11) 65M 001 . 003 .006 
64F 005 008 -O11 
Derris, Rotenone dose (T.E. 4 Xrotenone) 189M .003 . 005 . 009 
139F .005 . 008 .013 
Sodium arsenate Na:HAsO, & 7H:O 159M .023 .030 045 
162F .035 .050 .070 
Acid lead arsenate PbHAsQ, (colloidal) 42M .20 .30 .75 
47F . 30 .75 1.40 
Sodium fluoride NaF 24M .08 .12 rE) 
24F .10 14 17 
Sodium tetraborate Na: B.O; & 10H:O 35M 1.8 2.1 2.4 
35F 1.8 2.6 3.6 
BB’ Dichloroethy! ether 66M .38 55 .80 
66F .18 25 .40 
Azobenzene 45M . 32 .43 .57 
45F . 50 . 62 . 82 
Sodium 4,6-dinitro-o-cresy late 438M .007 014 021 
42F .020 . 028 .050 
50% B-Butoxy 6’ thiocyanodiethy] ether! 32M .10 15 .20 
seF .12 .20 .40 
Terpinylthiocyano acetate? 24M+F .20 .30 45 
Copper sulphate CuSO, & 5H:0 60M +F 01 05 09 
Lorol thiocyanate (60% lauryl & 93% total 48M +F 4 9 1.5 
bees pes eo mixed) 
Wettable sul phur (micronized) 40M+F 5 9 1.6 
DDT ( Dichloro-diphenyl- trichloroethane) 104M . 002 008 02 
104F 01 .02 .04 
Controls 
Water 7T9MF+ 100. +nontoxic 
Ethy] alcohol 115M+F 5.6 10. 17. 
Acetone 20M+F 6. +nontoxic 
Sodium oleate 96M +F Oy 2.0 3.0 
Aliphatic diglycerides*® 82M +F 17. 25.+ 
Ethylene glycol-laurate (mainly, diethylene, 56M+F 25. 82. 50.4 
alycol di urate) 
rs Cobeaee Ora Feepine 
No No 
Usep 0% 50% 100% Usep 0% 50% 100% 
Nicotine (free alkaloid) 86M .08 .14 .50 52M . 90 2.4 4.0 
86F . 65 . 80 1.3 54F 2.0 3.1 5.2 
Pyrethrins (Pyrethrins I +ID 70M . 002 .004 . 006 55M. . 008 014 .020 
75F . 006 . 009 .012 53F .018 . 029 .040 
Derris, Rotenone dose (T.E. 4 Xrotenone) 83M 2. +nontoxic 55M 1. +nontoxic 
32F 2. +nontoxic 53F 1. +nontoxic 
Sodium arsenate Na:HAsQ, & 7H:0 67M .03 .10 .30 54M .08 2 .60 
72F 15 .50 1.30 58F . 60 2.0 6.0 
Acid lead arsenate PbHAsO, (colloidal) 67M . 20 .50 1.30 65M .05 15 . 60 
3F .40 1.2 2.1 69F 15 “40 1.0 
Sodium fluoride NaF 60M .16 -25 35 79M .10 . 30 1.3 
6F .20 .50 . 85 96F .20 1.0 3.5 
Sodium tetraborate Na:B,O; & 10H:O 58M 9 2.5 4.0 44M 1.4 4.5 12.0 
OF 2.5+nontoxic 42F 2.0 8.0 16.0 
88’ Dichloroethy! ether 52M -75 1.4 2.1 43M .50 .75 1.0 
47F .45 . 80 1.2 43F .20 35 50 
Azobenzene 386M .50 .80 1.1 not tested 
86F .85 1.3 2.0 
Sodium 4,6-dinitro-o-cresylate 40M 015 . 020 .030 not tested 
F .18 . 23 .40 
50% B-Butoxy #’thiocyanodiethylether!' 65M . 36 . 66 1.36 not tested 
65F . 56 1.26 2.3 
Terpinylthiocyano acetate? 15M 8.5 4.8 6.0+ not tested 
15F 7. +nontoxic 
Copper sulphate CuSO, & 5H:0 183MF+ 3 1.0 3.+ not tested 
Lorol thiocyanate (60% ~ ti & 93% not tested not tested 
total thiocyanates, mixed) 
Wettable sulphur (micronized) not tested not tested 
DDT ‘atecamea” =f -trichloroethane) not tested not tested 
60M+F 150. +nontoxic 44M+F 150. +nontoxic 
Ethyl] alcohol 52M+F 40. +nontoxic 20M+F 25. +nontoxic 
Acetone 41M+F 40.-+nontoxic 64M+F 20. 70. 140. + 
Sodium oleate not tested not tested 
Aliphatic diglycerides* not tested not tested 
Ethylene glycol-laurate (mainly, not tested not tested 


diethylene, glycol dilaurate) 





Note: Results obtained after 4 days for blood injection and a 6 days for contact and oral feeding; except for borax, whose slow 
toxicity, required from 8 to 10 days to exhibit maximum toxicit 
Letha: 2 


ne 384. hanite. 
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catalpa worm, which possessed low resist- 
ance to insecticides, required over 20 times 
the silkworm lethal dosage before it be- 
came incapacitated. Rotenone and pyre- 
thrins were so toxic to silkworms that no 
attempt was made to determine toxicity 
curves for these materials. 
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8’ thiocyano-diethyl ether! but differ in 
their reaction towards the dinitro com- 
pound tested. Although not included in 
table 4, 0.5 millgram of sodium 4,6- 
dinitro-o-cresylate per gram of bug was 
not toxic to the squash bug but this dos- 
age would kill the cockroach. 


Table 3.—Toxicity of various insecticides when injected into the blood stream of different insects. 
The dosage given in milligrams of poison per gram of insect. 














LETHAL 
No. or Mepian- Dose 
Insects Nontoxic Letra (Down or 
INSECTICIDE AND INSECT Usep DosE Dosre Deap) 
Nicotine (Free alkaloid) 
Periplaneta americana 160 .03 10 .20 
Anasa tristis 51 -05 .20 35 
Popillia japonica 160 15 .40 .90 
Ceratomia catalpae, larvae 82 04 .08 15 
Bombyx mori, larvae 28 .0005 .003 .007 
Pyrethrins (P I+-IT) 
Periplaneta americana 129 .001 .006 O11 
Anasa tristis 25 .004 .010 .025 
Popillia japonica 229 01 04 ae 
Ceratomia catalpae, larvae 32 .001 .004 .006 
Derris resins (Rotenone dosage given =25% dosage of T.E.) 
Periplaneta americana 328 .003 .007 .013 
Anasa tristis 25 -004 .010 .025 
Popillia japonica 229 01 04 oe 
Ceratomia catalpae, larvae 32 -001 .004 .006 
Sodium arsenate (NagHAsO,:7H,O) 
Periplaneta americana $21 .023 .045 .07 
Anasa tristis 30 .O1 .02 .04 
Popillia japonica 130 .02 -05 .10 
Ceratomia catalpae, larvae 30 01 .02 .08 
50% 8-Butoxy p’thiocyano diethyl ether' commercial, dosage 
given 
Periplaneta americana 64 .10 17 40 
Popullia japonica 48 .10 .80 .09 
1 Lethane 384. 


The milkweek bug was easier to kill by 
contact insecticides than the cockroach. 
Rotenone was considerably more toxic to 
this insect than were pyrethrins. Some 
preliminary experiments with milkweed 
bugs and sodium 4,6-dinitro-o-cresylate 
indicated that the females were highly 
resistant to this insecticide. Sex differ- 
ences of the cockroach to this compound 
were greater than 10-fold, as shown by the 
results in table 2. 

The squash bug generally reacted about 
the same as the cockroach when used as a 
test insect for contact insecticides. The 
squash bug and cockroach integument are 
alike in their lack of resistance to penetra- 
tion of pyrethrins, nicotine and §-butoxy 


The two beetles used were more resist- 
ant to contact insecticides than were any 
of the other insects. Tenebrio molitor 
equalled the Japanese beetle or was more 
resistant than it to the insecticides used. 

Excluding the milkweed bug and meal 
worm beetle, since they were not used in 
injection tests, we can compare the rela- 
tive resistance of the insects to injection 
and contact tests. In descending order of 
resistance to injected insecticides: Japa- 
nese beetle, squash bug, cockroach, ca- 
talpa wormand silk worm. For contact in- 
secticides the order of the three most re- 
sistant insects is variable but catalpa 
worm and silkworm are in the same order 

1 Lethane 385. 
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as observed in the blood stream injection. 
The variation in order of these resistant 
insects to different contact insecticides 
seems to be due entirely to variations in 
the ability of the insecticides to penetrate 
the integument of the specific insect. 
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much less effective when used as a contact 
insecticide. 

The accuracy of all the contact tests 
could be greatly increased by testing 
males and females separately as was done 
with the cockroach. In general, depending 


Table 4.—The contact toxicity of insecticides when applied to different species of insects. Dosages 


in milligrams of poison per gram of insect. 








INSECTICIDE AND INSECT 








Nicotine (Free alkaloid) 
Periplaneta americana 
Anasa tristis 
Oncopeltus faciatus 
Popillia japonica 
Tenebrio molitor 
Ceratomia catalpae, larvae 
Bombyx mori, larvae 

Pyrethrins (P I+ID) 
Periplaneta americana 
Anasa tristis 
Oncopeltus faciatus 
Popillia japonica 
Tenebrio molitor 
Ceratomia catalpae, larvae 
Bombyx mori, larvae 


Derris resins (Rotenone dosage given 25% dosage of T.E.) 


Periplaneta americana 
Anasa tristis 

Oncopeltus faciatus 
Popillia japonica 
Tenebrio molitor 
Ceratomia catalpae, larvae 
Bombyx mori, larvae 


Sodium arsenate (NasHAsO, 7H,O) 
Periplaneta americana 
Popillia japonica 


50% B-Butoxy A’thiocyano diethy] ether' 
dosage given 
Periplaneta americana 
Oncopeltus faciatus 
Popillia japonica 
Tenebrio molitor 


NO. OF Mep1an- LETHAL Dose 
Insects Nontoxic  LEtTHaL (Down or 
UsEp Dosr DosE Deap) 
172 .08 .65 1.30 
50 15 .35 1.25 
154 .09 .19 45 
25 .30 .65 1.00 
123 2.00 3.20 4.40 
$2 .04 .10 .20 
60 .0006 .004 .008 
145 .002 .0065 .012 
58 .002 .007 .026 
152 .003 .008 .028 
107 01 .04 .18 
68 025 .035 .10 
$2 .0007 .002 .006 
20 below .0004 
65 2.0+ above 
36 2.6+ above 
165 0012 0025 .006 
250 .005 025 .06 
116 005 .019 .075 
54 .001 .002 .005 
42 below .0007 
139 .03 45) 1.30 
51 4 .85 1.70 
130 .36 . 96 2.3 
76 .12 .40 75 
145 .35 .80 1.70 
100 .40 85 1.60 








1 Lethane 384. 


Pyrethrin was the only insecticide that 
was highly toxic to all insects on contact, 
about equal to its blood stream toxicity. 
These results demonstrate the ability of 
pyrethrins to penetrate. Rotenone, when 
able to penetrate, was also highly toxic 
by contact. It was more toxic in this way 
than pyrethrins against beetles, milk- 
weed bug and catalpa worm. Nicotine 
varied in its contact toxicity, in some cases 
(Japanese beetle, catalpa worm and silk- 
worm) it was equally toxic by contact or 
injection, in all others it appears to be 


on insecticide and insect used, there ap- 
pear to be greater sex differences in resist- 
ance to contact insecticides than there 
were to injected insecticides. 
Discussion.—The relative order of 
toxicity of insecticides injected into the 
blood stream was the same as that gener- 
ally observed in the practical control of 
insects. That is, insecticides usually con- 
sidered most effective in the field were 
most toxic in the laboratory. From the re- 
sults reported in this paper, it is evident 
that the blood stream injection evaluated 
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some kind of basic toxicity of the materi- 
als used. Since insecticidal dosages re- 
quired for toxicity by blood stream injec- 
tion were less than those required by the 
other methods of testing, we can consider 
the injection method to give us the maxi- 
mum potential insecticidal activity of the 
material under test. 

Although a number of investigators 
have used the blood stream injection 
method for determining the toxicity of 
some insecticides, few have used either the 
insects or insecticides reported in this 
paper. Campbell (1932) and Hansberry 
et al. (1940) reported MLD of injected 
nicotine to be about 0.002 milligram per 
gram of silkworm while McIndoo (1937) 
reported the lethal doasge of injected nico- 
tine 1.44 milligrams per gram against the 
same insect. Our results with nicotine 
injected into silkworms was a MLD of 
0.003 milligram and a LD of 0.007 milli- 
gram per gram. It is impossible to ex- 
plain how McIndoo obtained lethal dos- 
ages about 200 times larger than those 
reported by other investigators. 

There is one report on the toxicity of 
nicotine injected into the American cock- 
roach by Richardson & Ellisor (1940). 
These investigators obtained non-lethal 
and median lethal dosages in close agree- 
ment with results reported in this paper, 
although their lethal dosages were more 
than twice those reported in this paper. 

The insecticidal activity of various 
compounds by contact was usually much 
less than their toxicity in the blood stream. 
This lessened toxicity when applied by 
contact appeared to be due primarily to 
lack of penetrating ability of the various 
insecticides into the insect exoskeleton. 
From several hundred materials tested, 
both by contact and injection against the 
cockroach of which 13 are summarized 
in this paper, pyrethrum was the only one 
whose contact toxicity approximated the 
injection toxicity. Some materials could 
not penetrate the insect integument re- 
gardless of the amount or the way they 
were applied by contact. This lack of 
ability to penetrate is illustrated by rote- 
none against the American cockroach and 
the squash bug, although many other 
compounds gave similar results. 

The permeability of insect cuticle to 
insecticides has been studied by many 
investigators. In a review of insect physi- 
ology and toxicology (Hoskins 1940) 
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it is reported that substances such as 
nicotine, cyanide and pyrethrum, which 
are soluble in fat or fat solvents, more 
readily penetrate the insect integument 
than materials insoluble in fat solvents, 
such as arsenates and fluorides. On 
the other hand, many investigators work- 
ing with water soluble arsenates and 
fluorides (O’Kane & Glover 1935, 1936; 
Hockenyos, 1933, 1939; Sweetman & Lau- 
dani, 1942) appear to suggest that these 
materials penetrate the cockroach integu- 
ment as aqueous solutions. It has been 
pointed out by Hurst (1940) that the 
cuticle of insects possesses a high degree 
of asymmetry. This asymmetry affects 
the permeability of the whole cuticle and 
is modified in different insects or in differ- 
ent parts of the same insect by the distri- 
bution of various substances in the cuticle. 

The fundamental question of how insec- 
ticides penetrate the integument of insects 
was not studied during this investigation. 
However, relative values of the penetrat- 
ing ability of a given insecticide might be 
obtained from the ratio of contact dosage 
to injection dosage for equal toxicity 
given in tables 2, 3 and 4. A ratio of 1.0 
would indicate complete penetration and 
the degrees of decreasing penetration 
would be indicated by larger ratios. Pyre- 
thrum and lead arsenate exhibited the 
highest penetrating ability of the insecti- 
cides tested. against the American cock- 
roach. Other insecticides sodium tetra- 
borate, azobenzene and sodium 4,6-dini- 
tro-ortho-cresylate) readily penetrated 
the male roach integument but did not 
exhibit as high a penetrating ability 
against female cockroaches. All insecti- 
cides, in general, were able to penetrate 
the male integument more readily than 
female integument of cockroaches. 

In a number of tests with pyrethrum and 
isobutyl undecylenamide, a pyrethrum 
synergist, the toxicity of the mixture to 
cockroaches was approximately double 
that of equal concentrations of pyrethrum 
without the synergist. This increase in 
toxicity was obtained in both the injection 
and contact tests indicating that the 
synergistic action was not due to differ- 
ences in penetrability. 

Oral administration of insecticides nor- 
mally resulted in less effective insecticidal 
action than when the same material was 
applied by contact. The only exceptions 
to this generalization were obtained with 
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lead arsenate and dichloroethyl ether. 
The probable explanation for these ex- 
ceptions was discussed previously in this 
paper. The general reduced toxicity of 
insecticides when fed was probably due to 
dilution and adsorption of the insecticide 
by food present in the gut of cockroaches. 

There appears to be a qualitative if not 
quantitative similarity in the penetrating 
ability of various insecticides through the 
walls of the digestive tract and the integu- 
ment of the American cockroach. Thus, 
rotenone which did not penetrate the 
integument of the cockroach was not 
absorbed when fed orally. Maierials 
which readily penetrated the cockroach 
integument, such as pyrethrum, lead ar- 
senate and dichloroethyl ether, were also 
readily absorbed from the gut. Other 
compounds like nicotine, sodium arsenate 
and sodium fluoride which did not pene- 
trate the integument as readily as the 
compounds mentioned above were less 
readily absorbed from the digestive tract. 

From these results, and others not re- 
ported in this paper, it would appear that 
any compound which kills an insect by 
contact action would also be effective as a 
stomach poison when eaten by the same 
species of insect. Thus, it is possible that 
the contact toxicity of an insecticide in 
conjunction with data on its stability on 
plants would evaluate its probable stom- 
ach poisoning effectiveness. A study of 
the results reported in this paper clearly 
show that the materials commonly used to 
control cockroaches act primarily as con- 
tact insecticides and not as stomach 
poisons as is usually assumed. For ex- 
ample, pyrethrum required three times 
the contact dosage to kill when fed. So- 
dium fluoride toxic dosages when fed were 
two to four times the dosages needed to 
kill by contact. 

The application of predetermined dos- 
ages to each individual insect increased 
the accuracy of the evaluation of insecti- 
cidal efficiency. This, in conjunction with 
the use of insects whose resistance to in- 
secticides remained relatively constant, 
greatly reduced the number required to be 
treated for dependable results. In the 
past, much data has been accumulated 
which generally indicated that from 30 to 
100 insects were needed for each dosage 
point. These limits were determined by 
statistical methods based on sampling 
errors of mixed populations, and also by 
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numerous experimental observations. In 
our investigation it was found that as few 
as 10 insects (5 of each sex) for each 
dosage point was sufficient for the approxi- 
mation of toxicity curves. 

To obtain accuracy with these smaller 
numbers certain precautions must be 
taken. The insects must be reared under 
constant (controlled) environmental con- 
ditions, so that their insecticidal resist- 
ance remains constant. The age of insects 
used for testing must be the same within 
narrow limits. The dosage of insecticide 
must be adjusted to each individual insect 
according to its weight, and finally the 
insects must be segregated according to 
sex. Sex differences in resistance to insec- 
ticides are so great that a population of 
males and females cannot be considered 
homogenous. 

The greater dosage of insecticide re- 
quired to affect the female of the species 
has been observed by many investigators. 
Simanton & Miller (1937) and Sullivan 
et al. (1938) reported female flies more 
resistant than males to pyrethrum sprays. 
McGovran et al. (1941) found female 
American cockroaches approximately 
twice as resistant as the male to pyre- 
thrum sprays. In a recent review of sex 
differences in morbidity and mortality, 
Ciocco (1940) points out the many ex- 
amples, in insects and other animals, 
where the female appears more resistant 
than the male. 

The difference in susceptilibity to insec- 
ticides between male and female cock- 
roaches varied greatly depending on the 
insecticide and the method of testing. 
There was less sex difference in resistance 
to an insecticide when the material was 
injected into the blood stream than when 
the same material was fed or tested for 
contact toxicity. Practically all materials 
tested showed the male to be less resistant 
than the female, with the exception of 
dichloroethyl ether where the reverse was 
true and the male exhibited twice the 
resistance of the female. There is no ex- 
planation at present for this reversal in 
sex resistance with this compound. 

Similar differences in insecticidal re- 
sistance between the sexes were observed 
with all the adult insects used. Data on 
the sex susceptibility of these other in- 
sects was not tabulated since the test in- 
sects were not segregated according to 
sex. 
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SumMMARY.—Insecticidal activity of var- 
ious materials was tested against the 
American cockroach in three ways: by 
blood stream injection, by contact, and 
by oral feeding. These three methods 
evaluated materials in terms of blood 
stream toxicity, contact toxicity and 
stomach poison activity. The materials 
tested, generally required smaller dosages 
to be toxic when injected into the blood 
stream than when used as contact or stom- 
ach poisons. 

Contact toxicity, against the cockroach, 
usually required about twice the dosage of 
insecticide needed for blood stream tox- 
icity. Pyrethrum was the only material 
that was equally toxic by contact or by 
injection. There was a striking similarity 
in the reaction of the cockroach to contact 
and stomach poisons. The materials not 
toxic by contact were not toxie fed and 
those toxic by contact were effective in- 
secticides when fed. Toxic dosages of 
insecticides by feeding were usually econ- 
siderably higher than when the same ma- 
terials were applied by contact. 

Sex differences in resistance to insecti- 
ticides were exhibited in varying degree 
by the cockroach, depending on the insec- 
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ticide used and the method of testing. 
With the exception of dichloroethy] ether, 
the female was always more resistant than 
the male. Sex difference was smallest in 
the blood stream test where the female 
averaged 1.6 times the resistance of the 
male. With both contact and oral feeding 
tests the female averaged three to four 
times the resistance of the male. 

The application of predetermined dos- 
ages to each individual insect increased 
the accuracy of the evaluation of insecti- 
cidal efficiency. Due to large sex differ- 
ences it is important either to test the 
sexes separately or, in case of mixed 
populations to be sure that both sexes 
are evenly distributed. 

Other insects used for blood stream 
and contact tests, varied greatly in their 
susceptibility to insecticides. In order of 
increasing resistance to insecticides they 
were as follows: silkworm, catalpa worm, 
cockroach, squash bug and Japanese 
beetle. The milkweed bug used in contact 
tests appeared to be more susceptible to 
insecticides than the cockroach while the 
meal worm beetle exhibited as high a de- 
gree of resistance as the Japanese beetle. 
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Sulfa Drugs for American Foul Brood of 
Honeybees: Third Report 


J. Peter Jonnson,! Connecticut Agricultural Experiment Station, New Haven 


Experiments with sulfa and other drugs 
fed to honeybees through the medium 
of a sugar and water mixture to control 
American foul brood of honeybees have 
been carried through the three seasons of 
1945, 1946 and 1947. The first season’s 
work was reported by Johnson & Stadel 
(1945); the results of the second season’s 
work by Johnson (1947) and the combined 
results of the three seasons are herein 
reported. 

A total of 24 hives has been used in the 
experiments. If the results of the treat- 
ment given an individual hive were nega- 
tive and the colony remained in such a 
condition that it could be subjected to 
other treatment, such was done. All hives 
remained in the experimental apiary in 
their original positions regardless of the 
results of the treatments in adjacent 
hives. No hive was nearer than 5 feet from 
the neighboring hives. There have been 
only four cases to date where colonies be- 
came so weakened that fumigation with 
cyanide was necessary to prevent robbing. 
These four were, in each case, removed 
from the experimental apiary until the 
time of recolonization and the resumption 
of treatment. Each was or will be returned 
to its original position. One colony was 
winter-killed and the hive later recolo- 
nized. Most of the diseased hive were ob- 
tained from the field by the apiary inspec- 
tors, usually composed of two or more 
sections, and used as received. The equip- 
ment of each hive has been numbered and 
kept intact. It has been removed or re- 
turned to the original hive as needed. In 
every case introduction of new queens, 
package bees or additional equipment 
was avoided unless absolutely necessary. 
A few hives have proven to be colonized 
with poor queens and relatively non-pro- 
ducing bees. Others are strong and active 
being good producers. Nothing was done 
to enhance the recovery of the colonies 
by manipulation or the introduction or 
exchange of equipment or bees. The main 
outside introductions were the addition of 
new supers and frames to producing 
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1 Assisted by Roy Stadel, Apiary Inspector, Connecticut Agr. 
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colonies and package bees to non-popu- 
lated or special test hives. Only one colony 
succeeded in swarming, as it developed 
faster than expected. Supercedure has 
taken place in practically all the colonies. 
It has not been alarming. 

The procedure in feeding the drugs has 
been approximately the same in every 
case. The drugs were usually fed at the 
rate of 0.5 gram to 1 gallon of a sugar and 
water mixture made I to 1 by volume. The 
solution was fed in 5-pound honey pails 
having perforated tops and placed in an 
inverted position over the hole of the 
inner cover as a gravity feeder and pro- 
tected by an empty super and top cover, 
or in a Boardman feeder. The Boardman 
feeders were used usually during a honey 
flow and when there were extra supers on 
the hive. In many cases both methods 
were used at the same time on a hive. 

Originally, in 1945, eight hives were 
used in the experiments. Hives 1, 2, 3 and 
4 received sulfathiazole, 0.5 gram per 
gallon of sugar and water fed in gravity 
feeders and sulfathiazole at the rate of 
0.5 gram per gallon of water in Boardman 
feeders. Hives 5 and 6 received just the 
sulfathiazole-sugar-water mixture. The 
six colonies, Hives 1 to 6 inclusive, re- 
ceiving the sulfathiazole-sugar-water mix- 
ture eliminated all visual evidence of the 
disease before the fall season ended. Hive 
7 was sprayed at weekly intervals with 
the sulfathiazole-water mixture. This 
colony, although considerably improved, 
failed to eliminate the disease. Hive 8 
served as an untreated control. The con- 
trol hive was gradually depleted by the 
disease and it was necessary to fumigate 
it with cyanide before the end of the 
season. 

In 1946, Hives 1, 5 and 6 passed through 
the season without any visual evidence of 
the disease. Hive 2 had a relapse and the 
first two diseased cells were observed on 
May 31, 1946. The colony did not receive 
treatment during that year and the disease 
increased as the season progressed. How- 
ever, the colony produced surplus honey 
and was strong enough to pass through 
the winter of 1946-47. 
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Hive 3 had an occasional relapse during 
1946, and a total of 11 diseased cells were 
observed up to mid-season. However, no 
treatment was given this colony during 
the season and no further evidence of the 
disease was seen. 

A few scales, covered by honey stores, 
were observed in Hive 4 on April 30. 
It was evident that sufficient stores con- 
taining sulfathiazole were available to 
offset the spores from these scales and no 
infection was observed during 1946. 

Hive 7, the sprayed hive, failed to clean 
up all visual signs of the disease in 1945, 
received no treatment in 1946 and the 
disease increased as the season progressed. 
The colony produced surplus honey and 
successfully passed through the winter 
of 1946-47. 

In the fall of 1945, a badly infected 
hive had been secured from the field and 
installed as Hive 8, replacing the original 
Hive 8 which had- been fumigated and 
removed from the apiary. Treatment with 
the sulfathiazole-sugar-water mixture was 
begun that fall and resumed in the spring 
of 1946. Hive 9 was obtained in the spring 
of 1946 and treatment with the same ma- 
terial begun. In late May of 1946, three 
hives consisting of the untreated, fumi- 
gated control hive of 1945 and two re- 
cently acquired non-populated diseased 
hives were colonized with package bees 
and laying queens. These hives were as- 
signed numbers 14, 15 and 16. They 
were treated with sulfathiazole at the 
rate of 0.5, 1.0 and 2.0 grams respectively 
per gallon of sugar and water solution. 
These five colonies of bees eliminated all 
visual evidence of disease in 1946. 

In 1946, two hives were treated with 
sulfapyridine at the rate of 0.5 gram to 1 
gallon of sugar and water solution, but 
failed to show improvement and _ the 
treatment was discontinued. Treatments 
with sodium sulfathiazole and sulfaguani- 
dine also were begun in 1946. 

Another diseased colony, serving as a 
control and fed just sugar and water, 
(1 to 1 by volume) was added to the 
experimental apiary in mid-July, 1946. 
This colony was fed 3.5 pints of the sugar- 
water mixture at weekly intervals through- 
out the season. Although, as the season 
progressed the colony maintained its 
strength, the disease persisted. This 
colony passed through the winter of 1946— 
47 successfully. 
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All colonies, excepting that in hive 9, 
passed through the winters of 1946-47 
successfully. Hive 9 was recolonized with 
package bees and a laying queen on May 
16, 1947. During the season of 1947, 
Hives 1, 3, 4, 5, 6, 8, 9, 14, 15, and 16, ex- 
cepting Hive 9 in which one single cell 
was found diseased on two separate in- 
spections in July, were free of all visual 
evidence of disease during the season of 
1947. Of these 10 hives, receiving sulfa- 
thiazole as the treatment, five, namely 
1, 3, 4, 5, and 6 were originally treated 
in 1945 and the remaining five in 1946. 
As none of these hives received any addi- 
tional extended fall or spring treatments 
after the original medications with sulfa- 
thiazole, the data show that five out of 
six hives remained free of disease for 2 
full years and 10 out of 11 passed through 
1 year without a definite recurrence of the 
disease. 

In 1947, Hives 12 and 13, treated in 
1946 with sulfapyridine and _ penicillin 
respectively, without any perceptible 
improvement, were fed sulfadiazine at the 
rate of 0.5 gram to 1 gallon of sugar and 
water, beginning in mid-April and dis- 
continued in mid-September. No visual 
evidence of disease was observed in either 
of the hives on or after July 3. Hives 2 and 
7 were treated in the season of 1947 with 
the sulfathiazole-sugar-water mixture. 
The treatment of these two hives was 
begun on April 1, 1947, and terminated 
on August 25. This was a resumption of 
the same method of treatment for Hive 
2, originally treated in 1945, found re- 
infected in 1946 and in which the disease 
was allowed to build up again without 
scales appearing in the hive. All evidence 
of disease in this hive disappeared by 
June 16. Hive 7 did not respond too 
successfully to the sulfathiazole-water 
spray in 1945 and the disease was allowed 
to build up in 1946 for definite treatment 
with the sulfathiazole-sugar-water mixture 
in 1947. No visual evidence of disease 
was observed after July 24, 1947. 

Hive 10, which was recolonized with a 
3-pound package of bees and a laying 
queen on May 16, 1947, was treated with 
0.5 gram sulfathiazole per gallon of sugar 
and water mixture. However, the recolo- 
nization was not successful and the colony 
was fumigated with cyanide in late June. 
Hive 11 received additional treatments of 
sodium sulfathiazole in 1947. The treat- 





316 


ment of this colony with/ sodium sulfa- 
thiazole originally began on August 5, 
1946, and had passed the winter of 1946- 
47 with the sulfa in its stores. The hive 
was free of all visual evidence of disease 
on July 1, 1947, and the treatment was 
discontinued on August 25. 

Hive 12, originally treated in 1946 with 
sulfapyridine, and Hive 13, with penicillin, 
were treated in 1947 with sulfadiazine at 
the rate of 0.5 gram to 1 gallon of the 
sugar-water mixture. The treatments were 
begun in mid-April and continued until 
August 25. There was no visual evidence 
of disease in either of these hives on or 
after July 3. 

Hive 17 was introduced into the experi- 
mental apiary in 1946 as a diseased 
control. Three and one-half pints of the 
sugar and water mixture were fed 22 
times at approximately weekly intervals 
to this colony throughout the season of 
1947. The feeding stimulated brood rear- 
ing, but the disease persisted, as indicated 
by the presence of dead larvae and scales. 
This colony began to decrease in popula- 
tion during the last part of the 1947 season 
and scales were becoming increasingly 
more numerous. The colony should sur- 
vive the winter. 

The treatment of the colonies in Hives 
18 and 19 with sulfaguanidine was begun 
on August 6, 1946, and continued until 
October 29 of that year. It was resumed in 
1947 on April 1 and continued until early 
October. Hive 20, treated with X-ray in 
1946 and later again in the same season 
with sulfapyridine, failed to respond to 
these treatments, yet was strong enough 
to survive the winter of 1946-47. This 
colony was treated with sulfaguanidine 
in 1947. Each of these three colonies was 
fed 20 or more times, the minimum feeding 
consisting of 3.5 pints of a 0.5 gram sulfa- 
guanidine-sugar-water mixture. As these 
colonies were not free of visual evidence 
of the disease until September 24, 1947, it 
was evident that the drug, although effec- 
tive, is not as efficient as sulfathiazole, 
sulfadiazine or sodium sulfathiazole. 

Hive 21, a strong, non-diseased colony 
was introduced into the experimental 
apiary in the spring of 1947 as a non- 
diseased, non-treated control. This colony 
continued to flourish and was free of all 
evidence of disease in October of the pres- 
ent year. 

Hives 22, 23, and 24 consisting of new 
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brood chambers and frames with foun- 
dations were added to the experimental 
apiary and colonized with 3-pound pack- 
age bees and laying queens on May 17, 
1947. These colonies were fed sugar and 
water and developed until there were at 
least six frames of brood and bees. The 
three hives were used in one experiment, 
with Hive 24 serving as a non-diseased 
control. Hives 22 and 23 were each fed 
8 cc. of treated spore material in 3.5 pints 
of sugar and water mixed 1 to 1 by vol- 
ume. The treated spore material was pre- 
pared for the experiment by placing 100 
scales of the larvae, which had died from 
American foul brood disease, in a flask 
containing 50 ce. of water and glass beads 
and agitated for 17 hours and 45 minutes 
on a shaker machine. Units of this mix- 
ture’ in the amount of 10 ce. each were 
placed in a copper-foil container, having 
walls 0.003 inch in thickness, and sub- 
jected to the impact of the vibrations from 
an ultra sonic machine. The acoustical 
power delivered to the mixture inside the 
container was from 100 to 150 watts. Hive 
22 was fed material which had received 
treatment for a total of 4 minutes, ex- 
posed in four equal installments of one 
minute each to prevent overheating. Hive 
23 was fed material which had received 
treatment for a total of 3 minutes, ex- 
posed in six equal installments of 30 sec- 
onds each. The two hives were fed the 
mixtures on July 7, and on July 24 
numerous diseased larvae were found in 
both hives. 

During the interval of July 24 and 
August 14 the disease continued to in- 
crease in Hives 22 and 23, and on the 
latter date Hive 23 was sprayed with 8 
ounces of ethyl alcohol containing 1 gram 
of sodium sulfathiazole. At this time the 
colony contained seven frames of capped 
and uncapped brood and eggs from which 
the adult bees were shaken before spray- 
ing. On August 25, very little uncapped 
brood was present, scales were very 
numerous and there were many young 
larvae lying dead in the bottoms of the 
cells apparently killed by the treatment. 
A few eggs were present, but the number 
of living larvae was very small. As the 
colony had been depleted by the treat- 
ment and the nectar flow was poor, sugar 


1 The ultra sonic treatment was made by Dr. R. H. Wallace 
of the University of Connecticut, who collaborated in this ex- 
periment. 
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and water containing 0.5 gram sodium 
sulfathiazole was fed to the colony. Five 
feedings, totalling 20 pints, were given in 
the next few weeks. However, on October 
3, 1947, this colony was too weak to sur- 
vive the winter so it was fumigated with 
cyanide. Colony 22 which, though dis- 
eased had not been sprayed with the 
alcohol sodium sulfathiazole mixture and 
which had been fed just sugar and water, 
maintained its strength and probably 
will survive the winter. The untreated, 
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a manner practically identical to that 
when sulfathiazole is used. 

3. That sulfaguanidine, although prom- 
ising as a control drug, is much slower in 
action than the preceeding drugs. 

4. That when sulfathiazole, sodium 
sulfathiazole or sulfadiazine is fed to a 
diseased colony in a multiple-sectioned 
hive, the treatment must be prolonged to 
offset any lurking spores contained in 
hidden scales or old honey stores. 

5. That the population of a diseased 


Table 1.—Statistics of treatment with various sulfa drugs for American foul brood disease of honey- 


bees and the results obtained in 1947. 
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1 See report of 1945 for details. 
2 Not treated in 1946. : 
3 See report of 1946 for details. 


* All colonies fed 0.5 gm. of drug per gallon of sugar and water unless otherwise noted. 


non-diseased Hive 24, was still free of 
disease and flourishing. 

The statistics of the treatments and the 
results obtained during these experiments 
are given in table 1. 

Conciusions.—1. When sulfathiazole 
at the rate of 0.5 gm. per gallon of sugar 
and water mixture is fed to colonies of 
bees infected with American foul brood, 
the disease may be eliminated for a period 
of at least 2 years subsequent to the 
treatment. 

2. That when sulfadiazine or sodium 
sulfathiazole are fed in the same amounts, 
the treated colonies react to these drugs in 


hive, the number of diseased frames and 
the amount of old stores present are fac- 
tors influencing the length of treatment. 

6. That all cells in all the frames must 
be cleaned and used by the bees during 
the period of treatment. 

7. That the sulfa drugs will be de- 
posited in the surplus honey if treatments 
are made during the period the colony 
is gathering such stores. 

8. That if colonies respond rapidly to 
the treatment, there is little or no danger 
of robbing. 

9. That a diseased colony may be stim- 
ulated in brood rearing by feeding it a 
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sugar water solution to aid in maintaining 
the hive population but the disease will 
persist. 

10. That the viability of spores treated 
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with acoustical power of 100 to 150 watts 
delivered by an ultra sonic machine was 
not materially affected. 
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Control of Soil Insects 


Joun C. Scureap, Connecticut Agricultural Experiment Station, New Haven 


Comparative toxicity tests with DDT 
and some other recently developed insec- 
ticides such as chlorinated camphene’, 
benzene hexachloride, chlordan and para- 
thion useful against soil inhabiting insects 
such as the Japanese beetle, various 
species of ants and chinch bug were con- 
ducted at the Connecticut Agricultural 
Experiment Station during 1947. 

Schread (1947), published an article 
in which is given an account of the control 
of Japanese beetle, the turf inhabiting 
ant Lasius niger var. americanus Emery 
and the chinch bug, by this insecticide. 
The proper amounts of chlordan to use, 


than secured in the past with other toxi- 
cants. Within 2 hours large numbers of 
ants were killed by a 0.5 per cent solution. 
Not only were colonies destroyed within 
24 hours by chlordane but no re-establish- 
ment of colonies occurred. 

In early May, 1947, a chlorinated 
camphene' with the approximate em- 
pirical formula C,oH;oCls, was first used 
in Connecticut as a 10-per cent dust at 
the rate of 8, 12, 16, 20 and 24 pounds of 
actual toxicant to the acre, for control 
of Japanese beetle grubs in turf. Five 
0.125 acre plots were treated on the sur- 
face on May 12 at the aforementioned 


Table 1.—Toxicity of chlorinated camphene to Japanese beetle larvae, 1947. 














AcTUAL GRUvBS PER Sa. Fr. Repuction Gruss Per! Sa. Fr. Egos per! Sa. Fr. 
TOxICANT - 
PER ACRE May 12 June 16 June 16 Aug. 19 Sept. 25 July 21 Aug. 19 

8 lbs. 111 53.4 67.5% 4.5 0.4 6.0 0.5 

12 lbs. 119 36.4 76.5 6.0 None 5.0 14.0 

16 lbs. 107 26.0 80.4 3.5 1.8 8.0 1.5 

20 Ibs. 92 30.4 75.9 7.0 0.6 14.9 4.5 

24 lbs. 92 24.2 79.1 2.0 None 26.5 0.0 
Untreated 23.1 81.5 9.1 8.5 





1 Data represent the average of six diggings per 0.125 acre plot. 


methods of application and results at- 
tained are discussed briefly. The red 
harvest ant, a serious pest in pastures, 
fields and yards in Oklahoma, and its 
control by chlordane was discussed by 
Brett et al. 1946. For a number of years 
various insecticides were used in an effort 
to suppress this insect but without com- 
plete success. Technical chlordan proved 
to be the best material tried to date, giv- 
ing more rapid direct and final control 


Eastern Branch Program. 
1 Toxaphene, Hercules Powder Co. 


dosage levels, using 80, 120, 160, 200 and 
240 pounds of 10-per cent dust to the 
acre. Owing to the small amount of ma- 
terial, especially at the lower dosage levels 
a fertilizer? was used as a diluent at a 
ratio of 1 pound of dust to 2 of fertilizer 
to increase the bulk of material and thus 
provide more uniform coverage. Results 
of the use of the insecticide are given in 
table 1. 

All dosage levels of the toxicant gave 
good control, thus preventing maximum 


2 Milorganite, a product of the Milwaukee Sewage Disposal 
Commission. 

















April 1948 


ScureAD: ConTROL OF Sort INSECTS 


319 


Table 2.—Toxicity of benzene hexachloride to Japanese beetle larvae, 1947. 

















ACTUAL GRUBS PER Sa. Fr. RepvucTION Gruss PER! Sa. Fr. Eaas per! Sa. Fr. 
GAMMA ISOMER — - - a 
PER ACRE May15 June 17 June 17 Aug. 19 Sept. 25 July 21 Aug. 19 
.96 ibs. 108 46.0 70.1% 2.5 0.4 17.0 2.0 
1.92 lbs. 92 44.8 67.2 one 1.8 2.0 1.5 
2.88 lbs. 102 43.6 70.0 1.5 0.4 8.5 3.5 
3.84 Ibs. 110 39.0 73.8 6.0 5.0 0.0 6.0 
4.80 lbs. 124.5 25.0 83.2 1.0 0.2 4.0 17.0 
Untreated 23.1 81.5 8.5 9.1 





1 Data represents the average of 6 diggings per 0.125 acre plot. 


grub injury in early June. By the latter 
part of September mortality of the grub 
population originating during the preced- 
ing summer months was almost 100 per 
cent at all dosage levels. The data on ovi- 
position indicate that eggs are normally 
laid in treated turf. 

Benzene hexachloride! in the form of a 
50 per cent wettable powder containing 
6 per cent gamma isomer, was applied 
against Japanese beetle grub populations 
at actual gamma isomer levels of .96, 
1.92, 2.88, 3.84 and 4.80 pounds per acre. 
Each 0.125 acre plot was treated May 15 
with the proper amount in 150 gallons of 
water and applied at 400 pounds pump 
pressure by a 16 nozzle spray boom. Table 
2 gives the results attained. 

Sufficient control was obtained by 
June 17, especially at the two highest 
dosage levels, to check serious grub injury 
to the turf. Turf which was more or less 
severely damaged recovered quickly with 
ample watering and rolling. Soil examina- 
tions in all plots in late September showed 
almost complete control of a heavy grub 
population as measured by average grub 
counts in adjacent untreated plots. The 
oviposition data do not indicate that this 
compound affects egg laying. Benzene 

1 Lezone 50, DuPont Co. 


hexachloride in turf leaves a persistent 
disagreeable musty odor which lingers for 
months, thus discouraging its use gen- 
erally, especially on golf course fairways 
where members object to it. 

Chlordan? a chlorinated hydrocarbon 
having the empirical formula C,oH¢Cls 
was employed at four dosage levels: 8, 10, 
16 and 24 pounds of actual chlordan to 
the acre. On May 20 a 2-per cent dust 
was applied on the surface to three 
0.125 acre plots at 400, 800 and 1200 
pounds of dust per acre. A summer 
treatment of 100 pounds of 10-per cent 
chlordan dust was diluted with 200 
pounds of fertilizer to facilitate applica- 
tion and more uniform distribution of the 
toxicant. 

Table 3 gives the results of all trials. 
When a 2-per cent dust was used, the 


apparent reduction in the over-wintering 


grub population was extremely high 4 
weeks subsequent to treatment. The Jap- 
anese beetle population laid down during 
the succeeding summer months was killed 
as rapidly as the eggs hatched. On August 
19 a few grubs were found in two of the 
three plots treated May 20, but they be- 
longed to the preceding over-wintering 


2 Rivicol-2-D, Riverdale Chem. Co., Synklor-10-D, U. S. Rub- 
ber Co. 


Table 3.—Toxicity of chlordane to Japanese beetle larvae, 1947. 




















ACTUAL GRUBS PER Sa. Fr. REDUCTION Gruss PER! Sa. Fr. Eaoes Per! Sa. Fr. 
CHLORDANE 
PER ACRE May 20 June 19 June 19 Aug. 19 Sept. 25 July 21 Aug. 19 
8 lbs. 97.3 22.0 88.0% 6 0 17.5 0.5 
16 lbs. 76.0 13.8 93.6 .0 0 8.5 1.5 
24 Ibs. 102 .6 4.8 98.7 .5 0 19.5 0.5 
Untreated 48 117 9.1 8.5 
Aug.18 Aug. 28 Aug. 28 Sept. 14 Aug. 28 
10 lbs. 30 2.2 93.2 0.7 29 
Untreated 71.3 





i Data represent the average of 6 diggings per 0.125 acre plot. 
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grub population, an abnormally higher 
percentage of which went through a 2-year 
rather than a normal 1-year cycle. Such 
grubs were deeper in the soil, 2 to 3 inches, 
than the new population and were appar- 
ently not feeding. Consequently they 
were not in immediate danger from the 
lethal action of chlordan and survived 
when all younger grubs nearer the surface 
of the ground were killed. 

Plot examinations in late September 
showed the turf to be entirely free of 
grubs whereas in the untreated plots 
there were an average of 117 grubs per 
square foot. Large numbers of dead adult 
Japanese beetles were seen during the 
summer on the turf of the chlordane- 
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heavy roller. At the termination of sprin- 
klingand rolling examination showed chlor- 
dane had immobilized the grub popula- 
tion. In spite of the severe test to which the 
turf was put by the cleats of football 
players, sprinkling and rolling for an ad- 
ditional week to 10 days resulted in saving 
95 per cent of the turf. Ten days after 
the treatment 96 per cent of the grubs 
were dead. At this time there was an 
average of three grubs per square foot. 

When chlordan was used in the manner 
described no phytotoxicity was seen. The 
insecticide did, however, result in addi- 
tional vigor to turf and deeper color in 
the grass foliage. 

Parathion! formulations, 0.25, 1 and 


Table 4.—Parathion. Average Japanese beetle grubs per square foot of turf and apparent reduction 


compared with untreated plots.' 














Weexs UNTREATED 0.25% Plot 1% Plot 2% Plot 
AFTER Pots, 

Treat- GRUBS PER Grubs per Per Cent Grubs per Per Cent Grubs per Per Cent 
MENT Se. Fr. Sq. Ft. Reduction Sq. Ft. Reduction Sq. Ft. Reduction 
2 85.0 22.4 69.7 4.6 91.8 2.6 95.2 
4 88.3 7.0 88.3 2.8 94.9 0.2 99.6 
6 88.3 2.6 97.1 None 100.0 None 100.0 





1 Data represent the average of 6 diggings per 0.125 acre plot. 


treated plots. Examination of plots treated 
with other insecticides including DDT 
showed virtually no dead adults on the 
DDT plots and significantly fewer on the 
other chemically treated plots. It is be- 
lieved a large percentage of beetles en- 
tering chlordane treated plots for egg 
laying died from the effects of the insec- 
ticide, although the oviposition data do 
not prove an inhibition of egg laying. 

Chlordan used as a 10-per cent dust, 
10 pounds actual toxicant per acre, Aug- 
ust 13, gave 93.2 per cent mortality in 
14 days of a grub population in the order 
of 30 per square foot of turf. By Septem- 
ber 14, 1 month after treatment, control 
in the order of 99.02 per cent was esti- 
mated. Concurrently in the check plots 
grubs averaged 71.3 per square foot. 

On September 17 a football field having 
an average grub population of 80 per 
square foot was treated with chlordane at 
the rate of 200 pounds of 5-per cent dust 
to the acre. Subsequently, for a period 
of 48 hours, eight large turf sprinklers 
were used in each of the 10-yard zones at 
hourly intervals, giving 4 hours of actual 
drenching to each zone. Alternately with 
sprinkling, the turf was firmed with a 


2 per cent, were used for Japanese beetle 
grub control August 22 at the rate of 
1, 4 and 8 pounds respectively of the 
actual toxicant per acre, that is, 50 pounds 
of dust per plot or 400 pounds per acre. 
The first treatments were made August 22 
between the hours of 11:30 a.m. and 1:00 
p.M. The day was clear, hot and humid 
with a maximum air temperature during 
treatment of 87° F. At 3:00 p.m. each plot 
was thoroughly sprayed with 200 gallons 
of water to wash the parathion from the 
grass foliage into the soil. There was no 
rain until the afternoon of the fourth day 
when a heavy fall occurred. Daily mean 
temperatures for 5 days subsequent to 
treatment averaged 73.8° F. 

Results of the first series of experiments 
are given in table 4. At the 0.25 per cent 
level parathion did not give desired con- 
trol until the end of the fourth week 
following treatment. The 1-per cent level 
provided control of the grub population 
by the end of the second week and the 
2-per cent level in less than 2 weeks. 

The experiments of August 22 were 
repeated September 17 in every detail 
with the exception that 300 gallo:. of 


1 Thiophos, American Cyanamid Co. 
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Table 5.—Parathion. Average Japanese beetle grubs per square foot of turf and apparent reduction 


compared with untreated plots.' 

















Weeks UNTREATED 0.25% Plot 1% Plot 2% Plot 
AFTER PLots — 

TrEAT- GRUBS PER Grubs per Per Cent Grubs per Per Cent Grubs per Per Cent 
MENT Sq. Fr. Sq. Ft. Reduction Sq. Ft. Reduction Sq. Ft. Reduction 
2 87.5 15.2 85.2 6.8 92.7 3.0 96.6 
4 87.5 3.6 96.4 0.6 99.3 0.2 99.7 





1 Data represent the average of 6 diggings per 0.125 acre plot. 


water were used per 0.125 acre plot in- 
stead of 200 gallons. The day was clear, 
warm and dry with maximum temperature 
of 76° F. Treatments were applied in 
early afternoon and were followed im- 
mediately by watering to remove the 
insecticide from the grass foliage. Heavy 
rain, 0.45 inches, fell 48 hours subsequent 
to treatment. Average mean air tempera- 
ture for 8 days after the application was 
54.2° F. 

The results of the September 17 ex- 
periments (table 5) were considerably 
better than those of August 22. In 2 
weeks in September 0.25 per cent para- 
thion gave control comparable to that 
which was obtained at the end of 4 weeks 
in August. Proportionately the same de- 
gree of mortality was obtained from the 
1- and 2-per cent parathion levels in 
autumn as in summer. 

Turf samples were submitted at two 
week intervals to the American Cyanamid 
Company for assay to determine the 
residual value of parathion in soil. The 
results of the analyses are given in table 
6. Lasting value of the toxicant is greatest 
in the autumn when soil and air tempera- 
tures are lower than during the summer. 
At extremely low doses this insecticide 
gives immediate control of excessive 
Japanese beetle grub populations without 
apparent injury to grass foliage to date, 
but insufficient time has elapsed to be 


certain no injury will occur. It is believed 
that the 1-per cent dosage level of actually 
4 pounds of parathion per acre, or perhaps 
a little less, will be ample for Japanese 
beetle grub control. 

Experiments with DDT at the estab- 
lished 25-pound level of actual toxicant 
to the acre were commenced on May 15, 
1946 and followed through to the end of 
1947. Forty-eight diggings were made per 
acre for results. The insecticide was used 
at a 15-pound level in the spring of the 
latter year. Results appear in table 7. 
Comparing the 25 pound level of DDT 
with the 10 pound level of chlordane it is 
seen that in a period of 2 weeks the latter 
toxicant gave 2.3 times greater mortality 
of Japanese beetle grubs than did DDT 
and 21.2 per cent more kill at the end of 
4 weeks than DDT provided at the end of 
5 weeks. 

The residual effectiveness of DDT has 
been established by the Bureau of En- 
tomology and Plant quarantine of the 
U. S. Department of Agriculture. Beyond 
1 year the lasting value of chlordane is 
not at present known, owing to the fact 
this is the first year of experience under 
field conditions of Japanese beetle control. 
In any case, however, it is a much faster 
acting, more direct and more complete 
toxicant for grub control than DDT, 
chlorinated camphene or benzene hexa- 
chloride. 


Table 6.—Soil analyses for parathion residue, 1947. 

















Per CEent Ppm. Founp! 
PARATHION —_—— 
IN Dust Sept. 13 Sept. 15 Oct. 1 Oct. 15 Oct. 31 
0.25 2/0.1 0.2 0.1 <0.1 (0.02) 0.1 
Aug. 22 1.0 {0.23 2.5 0.8 0.4 0.8 
2.0 a 3.8 1.9 0.2 0.6 
0.25 0.3 0.3 0.2 
Sept. 17 1.0 5.5 1.7 5.4 
(2.0 6.5 4.6 6.7 
1 Sampled only 1 inch of soil below surface. 


2 Sampled 2 to 8 inches of soil below surface. 
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It can be seen in table 7 that chlori- 
nated camphene at the dosage levels 16 and 
24 pounds of actual toxicant per acre gave 
slightly better kill of Japanese beetle 
grubs during the first season than DDT. 
Chlordan at the 10 pound level produced 
2.3 times greater mortality of grubs in 2 
weeks than 25 pounds of DDT and at the 
end of 4 weeks 21.2 per cent higher kill 
than DDT at the end of 5 yeeks. Para- 
thion insecticide at 0.4 per cent the stand- 
ard DDT treatment of 25 pounds of 
actual insecticide per acre produced in 2 
weeks over twice the grub mortality re- 
sulting when DDT was used, and 18.6 
per cent greater kill in 4 weeks than 
estimated for DDT in 5 weeks. Further- 
more, parathion at an 8-pound level in 4 
weeks accounted for 11.7 per cent higher 
mortality of grubs than an equal dose of 
chlordane gave in 5 weeks. At nearly 
comparable dosage levels of 1 and 4 pounds 
of actual toxicants per acre of parathion 
and benzene hexachloride the former in- 
secticide gave in both instances better 
than 25 per cent greater mortality of 
Japanese beetle grubs in 4 weeks than the 
latter in 5 weeks. 

Ant Controu in Turr.—Lasius niger 
alienus americanus Emery, frequently a 
serious nuisance in well-kept turf, es- 
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pecially golf course greens, is encountered 
more often than all other species and is 
the most abundant of all species in num- 
bers of individuals and colonies. It is a 
small brown ant that builds small single 
or clustered craters on the surface of the 
ground directly above its nest in turf and 
in open soil. To control this species in 
lawns, golf course greens or turf and un- 
protected soil in general, with chlordan, 
two methods of treatment were devised 
each of which is applicable to a distinct 
set of conditions. 

The principle of the first method is to 
treat each individual ant nest separately, 
and this is applicable to turf areas where 
nests occur infrequently or at least not in 
great abundance. One-eighth of a tea- 
spoon of chlordan, 50 per cent wettable 
powder, was placed in the center of each 
anthill and thoroughly watered into the 
galleries of the nest through the use of a 
4-gallon pressure sprayer with the spreader 
removed from the nozzle, or a watering 
can with sprinkler removed. Another 
method of treatment consisted of adding 
one ounce of chlordan to each gallon of 
water in a small pressure sprayer. With 
the spreader removed from the nozzle 
the suspension was directed into each ant 
nest. 


Table 7.—Comparative toxicity of soil insecticides to Japanese beetle larvae. 














ACTUAL Per Cent Mortarity SUBSEQUENT TO TREATMENT 
ToxIcANT Weeks LATER 
PER ACRE _-—_— 
INSECTICIDE (Pounps) 5 19 55 722 
Chlordan 8 ms 88.0 100.0 
10 93.2 99.02! _— 
16 — 93 .6 100.0 
24 — 98.7 100.0 
Benzene hexachloride .96 -— 70.1 99.5 
1.92 — 67.2 97.8 
2.88 — 70.0 99.5 
3.84 — 73.8 94.2 
4.80 — 83.2 99.7 
Chlorinated camphene 8 67.5 99.5 
12 —_ 76.5 100.0 
16 —_ 80.4 97.8 
20 — 75.9 99.2 
24 — 79.1 100.0 
DDT 25 2 77.8 95.9 97.1 97.6 
15 —_ 71.0 89.7 
Parathion 1 85.2 96.4! 
4 92.7 99.3 
8 96.6 99.7! 





1 4 weeks after treatment. 


Third Japanese beetle generation since insecticide was applied to soil. 
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The principle of the second method of 
treatment is to apply chlordan, 50 per 
cent wettable powder, in suspension to 
every square foot of golf course green, 
or other turf to be protected. Four ounces 
of chlordan were added to 75 to 100 
gallons of water and applied to 1000 
square feet of turf with a hose and garden 
nozzle, the latter open as wide as possible, 
at 100 pounds pressure, giving a coarse 
rather than a fine spray. 

Following treatment, the turf was wa- 
tered with 50 to 60 gallons of clear water 
per 1000 square feet. Not only did chlor- 
dane eliminate all ant colonies present at 
time of treatment, but protection from 
re-establishment lasted for a number of 
weeks (Table 8). Treatment may be re- 
peated if necessary at the end of this 
time. The use of a multiple nozzle spray 
boom providing a mist spray at high 
pump pressure was unsatisfactory owing 
to poor coverage and the great loss of 
material through wind-drift. Loss may 
also be due in part to evaporation. This 
has not, however, been entirely proven. 

Occasionally the mound building ant, 
Formica exsectoides, becomes troublesome 
when it constructs mounds in parks, rec- 
reational areas, picnic groves, pastures 
and along roadsides. This insect is the 
builder of our largest anthills. New colon- 
ies are frequently formed by fission or 
breaking up of an older colony. As a 
result a number of colonies are some- 
times established in a limited area. Such 
was the case in the abandoned pasture 
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where experiments in control of this spe- 
cies of ant by chlordan were carried out. 

Mounds may vary in size from a few 
inches in diameter and an inch or so in 
height to 8 feet or more in diameter and 
over 12 inches high. In a series of experi- 
ments using varying small dosages of the 
insecticide on different size mounds, their 
respective colonies were destroyed com- 
pletely in a matter of hours. Table 9 gives 
the results of the experiments. Chlordan, 
50 per cent wettable powder, is a quick 
acting, direct and efficient toxicant when 
applied to kill colonies of this ant. 

Live worker ants of Formica exsectoides 
were dusted with chlordane and confined 
to clean cardboard cages. Another group 
not dusted was confined in similar cages, 
the bottom of which had been lightly 
dusted with the insecticide. Excitation set 
in almost immediately among both groups 
of ants. In 12 to 15 minutes the insects 
showed signs of paralysis, more pronounced 
among those receiving direct application 
of the toxicant. Ninety minutes after 
treatment all ants in both tests were 
immobile and on their backs the only 
signs of life manifest being an occasional 
twitching of the legs. Five to six hours 
after coming in contact with chlordan 
all ants were dead. 

Two weeks following treatment of one 
of the largest mounds a thorough exami- 
nation of the mound and nest was made 
to a depth of 3 feet below the surface of 
the ground. Countless dead workers were 
found in the galleries of the nest as well 


Table 8.—Control of Lasius niger alienus americanus in turf. 














ANT ANT HILLS PRESENT— 
HILLS AT Weeks LATER 
TREAT- CHLORDAN 
MENT 50-W Usrep 1 2 3 4 5 6 7 8 9 10 
750 One-eighth teaspoon 0 28 98 
per anthill 
750 5 oz. in 5 gal. of water 0 157 
850  502,in 80 gal. of water 0 100 
To 1000 sq. ft. 
350+ 4 oz. 1/75 75+ 100 125 142 
300+ 8 oz. 195 30 57 65 73 88 
100+ 2 oz. {0 15 23 13 12 14 14 13 10 
150+ 4 oz. 0 0 0 2 8 1 
450 4 oz. 0 0 0 0 4 8 8 8 8 1 
125+ 4 02. 2 0 0 0 0 0 0 1 2 
823 8 oz. 0 0 0 0 0 0 1 2 3 5 
79 12 oz. 0 0 0 0 + 7 7 5 + 
90 16 oz. 0 0 0 0 0 0 0 4 1 








1 Used a 16 nozzle spray boom—mist spray—much loss of Chlordan. 
2 Used garden hose nozzle wide open—coarse spray—no loss of Chlordan. 
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Table 9.—Control of Formica exsectoides by use of chlordan. 
Dim ENsIONS Resuits—Days Later 
Mounn Dare or Mounps, Dose 
No. Treatep INcHES Ounces 20 2 6 7 50 
1947 
1 July 15 14X12 6 1.5 Colony com- No activity 
pletely killed 
2 15 18X14X 7 1.5 Colony com- No activity 
pletely killed 
8 23 20 X20 X 4 1.0 Colony com- No activity 
pletely killed 
+ 15 24 X24 X12 3.0 Colony com- No activity 
pletely killed 
5 23 30 X30 8 2.0 Colony com- No activity 
pletely killed 
6 15 36 X36 X12 5.0 Colony com- No activity 
pletely killed 
7 23 36 X40 X 9 2.0 Colony com- No activity 
pletely killed 
s 7 48 X40 X12 8.0 Colony com- No activity 
pletely killed 
9 Aug. 27 96 X84 X10 5.0 Several ants seen Colony com- 


pletely killed 


on perimeter of 
mound 








as thousands of dead eggs, larvae and 
pupae. Some of the last were taken to the 
laboratory. No adults emerged. 
Other species of ants, Formica pallide- 
fulva subsp. nitidiventris Emerg. and 
‘ormica fusca vor. subsericea Say, working 
in*open soil at the base of shrubs and in 
turf were controlled successfully when 
chlordane’ 50 per cent wettable powder 
was fogged into the openings of the nests. 
In preliminary experiments the chinch 
bug, Blissus leucopterus Say was eliminated 
from bent grasses in golf course greens and 
also from lawns of standard grass mix- 
tures by chlordan 5 per cent dust at the 
rate of 6 to 10 pounds to each 1000 square 
feet of turf. The 6-pound level gave as 
quick and complete a kill as the 10 pound. 
It is therefore believed 5 to 6 pounds of 
the toxicant per 1000 square feet of turf 
is sufficient for chinch bug control. 
Summary.—Chlordan, Benzene hexa- 
chloride and parathion were compared 
with DDT for Japanese beetle grub 
control. Toxaphene at 16 and 24 pounds 
to the acre gave better results than 
DDT during the first season. Chlor- 
dan at 10 pounds to the acre killed more 
than twice as many grubs in 2 weeks 
than DDT at a 25-pound level. Para- 
thion at 0.4 of the standard DDT 
treatment of 25 pounds to the acre pro- 
duced in two weeks better than twice the 


grub mortality obtained with DDT. At 
an 8 pound level parathion accounted 
for 11.7 per cent higher mortality of grubs 
in four weeks than an equal dose of chlor- 
dan gave in five weeks. At nearly com- 
parable dosage levels of 1 and 4 pounds of 
actual toxicants per acre, of parathion 
and Benzene hexachloride, the former 
gave better than 25 per cent greater mor- 
tality of grubs in four weeks than the 
latter in five weeks. 

The soil inhabiting ant Lasius niger 
var. americanus was successfully elimi- 
nated from turf when chlordan was used 
at various dosage levels. Four ounces of 
50 per cent wettable powder to 1000 
square feet of turf destroyed all ant 
colonies present and gave many weeks 
protection from re-establishment. 

The mound building ant Formica exsec- 
toides was destroyed completely by the 
use of chlordan 50-W, at low dosage 
levels. Adult ants were killed in five to 
six hours, eggs did not hatch and pupae 
produced no adults. Formica pallidefulva 
subsp. nitidiventris and Formica fusca 
var. subsericea ant species working in 
open soil at the base of shrubs and in turt 
were controlled by chlordan. Six to ten 
pounds of chlordan 5-D to 1000 square 
feet of turf gave complete control of the 
chinch bug, Blissus leucopterus. 
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SCIENTIFIC NOTES 


DDT for Ant Control in Lawns 


A. M. Woopsivr, Field Laboratory, Virginia 
Agricultural Experiment Station, Staunton 

During the summer of 1947 some brief experi- 
ments were conducted in the control of two species 
of ants which were infesting and damaging lawns. 
These ants, as determined by M. R. Smith of the 
Division of Identification, were the silky ant, For- 
mica fusca, var. subsericea Say, and Lasius niger, var. 
neoniger Emery. The treatments were applied to 
randomized plots each 1 yard square, and each treat- 
ment was applied to two or four plots, A preparation 
containing 50 per cent of DDT was used as the 
source. When applied as a spray the proper dosage 
for each plot was mixed with 1 quart of water and 
applied with a compressed air sprayer. When ap- 
plied as a dust the DDT was diluted with tale to 
make a 10 per cent dust and the dosage for each plot 
was sprinkled evenly over the surface by hand. 

The silky ant was infesting parts of a lawn and an 
adjacent vegetable garden in Staunton. The nests 
were so common over much of the lawn that no grass 
and little other vegetation could grow. The surface 
of these areas was honeycombed by the entrances 
and it had a spongy feel when walked upon. Several 
spots in the garden were so heavily infested that 
neither seedlings nor transplants could become estab- 
lished. Ten plots were laid off on this lawn on June 
2. DDT dust and spray were applied at the rate of 
2.5 grams and 5 grams of actual DDT per square 
yard, giving four different treatments and a check in 
each replication. Just before the treatments were 
applied the ants on the surface of each plot were 
counted as accurately as possible. Similar counts 
were made 1, 2, 5, and 7 weeks after the treatments. 
At the time of each examination after the first the 
dead ants were collected from the surface of each 
plot and counted. The results of these treatments are 
given in table 1. Activity of the ants in the treated 
plots declined steadily. It was found that ants were 
still active on the surface of one of the plots sprayed 
with 2.5 grams of DDT 7 weeks after treatment, and 
that these ants seemed to come from many nests 
under a low stone wall near one side of the plot. 
Aliberal amount of DDT was applied along the base 
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Table 2.—Results of the application of DDT 
to the soil to control an ant, niger, var. 
neoniger in sod, Waynesboro, Virginia, 1947. 











Numer or Mounps 1n Prorts! 











DosaGE 
AND Before Weeks After Treatment 

METHOD oF Treat- 

APPLICATION? ment 1 2 5 

1 gm. dust 37 18 11 13 
2 gms. dust 26 11 7 0 
4 gms, dust 33 11 7 18 
8 gms, dust 16 4 4 0 
1 gm. spray 41 22 15 ¥ 
2 gms. spray 37 19 10 0 
4 gms. spray 47 8 5 0 
8 gms. spray 17 6 3 0 
Check 38 36 35 27 





1 Each plot was 1 yard square. The figures in the table are the 
totals for the plots which received each treatment. The 8-gram 
dosages were a eB to two plots each and all other treatments 
to four plots e 

ne are given in amount of actual DDT per square yard. 
3 After 8 weeks there was no sign of activity in any treated 


plot. 


of this wall, and all activity soon ceased in the plot. 
By the time of the final examinations of the plots 
there had been a considerable drop in activity in the 
check plots, which were almost surrounded by 
treated plots. This decline may have been due to 
ants from these plots being killed by working over 
the adjacent treated plots, as there was no such ap- 
parent reduction in numbers of ants in other parts of 
the lawn. The vegetation on the lawn also showed 
the effect of the decline in activity of the ants, for 
grass and weeds had covered the surfaces of the 
—— plots, while untreated areas were still almost 
are. 

Treatments were also applied in the vegetable 
garden, but the scattered nature of the infestation 
here prevented any systematic arrangement of the 
treatments. Dust and spray were about equally ef- 
fective, but the sprays gave quicker results. Dust 
was more quickly effective when it was mixed with 
the soil about a nest entrance than when it was 
sprinkled on the surface, Dust was also more quickly 


Table 1.—Results of the application of DDT to the soil to control the silky ant in a lawn, Staunton, 


Virginia, June 2, 1947. 








Numser or ANts OBSERVED ON SURFACE OF Pots! 





After an Interval of 











DosaGE AND Before 1 Week 2 Weeks 5 Weeks 7 Weeks 

METHOD oF Treat- —— 

APPLICATION? ment Alive Dead Alive Dead Alive Dead Alive Dead 
2.5 gms. dust 39 34 166 11 159 7 16 0 0 
5 gms. dust 37 23 164 8 120 0 0 0 0 
2.5 gms. spray 50 10 246 7 20 3 17 3 5 
5 gms, spray 40 6 267 4 12 0 0 0 0 
Check 35 45 5 33 28 16 68 16 34 





1 Each plot was 1 yard square. The figures in the table are the totals for two plots receiving each treatment. 
* Dosages are given in amount of actual DDT per plot of 1 square yard. 
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effective when its application was followed by a 
shower than when the soil remained dry. 

Lasius niger, var. neoniger, was infesting a lawn 
near Waynesboro. The grass on this lawn was kept 
closely clipped, and the small mounds thrown up 
around the entrance holes were very en 
particularly during periods of 
weather. On July 17 DDT was Ee weer to 16 — 
of this lawn. The rates of application were 1, 2, 4, 
and 8 grams of actual DDT per square yard, and 
each dosage was applied both as a dust and as a 
spray. On August 8 DDT was applied to 12 new 
plots, the 8 gram dosage being omitted. 

The mounds on each plot were counted and lev- 
elled after the DDT was applied. Thus the entrance 
holes of the nests were filled. Rebuilt mounds, indi- 
cating reopened nests, were counted at weekly inter- 
vals for 5 weeks after the treatments. The results of 
the two experiments are combined in table 2. There 
was a gradua!] decline in the activity of the ants in 
the treated plots. This reduction was slightly more 
rapid in the sprayed plots than in the dated plots, 
but the difference was too small to indicate any 
difference in the value of spraying and dusting. The 
heavier dosages resulted in a more rapid reduction 
in activity. However, even the dosages of 1 gram 
per square yard, which is equivalent to 2.45 pounds 
of 10 per cent DDT per 1000 square feet, resulted in 
an almost complete absence of activity in 5 weeks. 
After 8 weeks there was no sign of activity in any 
of the treated plots. Activity also declined in the 
check plots. Since there was no apparent decline in 
activity in parts of the lawn more distant from the 
reser f plots, this drop in the check plots was prob- 
ably due to the nearness of the treated areas, 

he results of these brief tests indicate that light 
applications of DDT have some promise as a means 
of reducing the injury caused by some species of 
ants in sod. Since = dosage of DDT recommended 
for control of the Japanese beetle larvae is equivalent 
to 2.45 grams of actual DDT per square yard, it is 
considerably heavier than some of the dosages which 
showed promise against ants. 


Benzene Hexachloride and Cornstarch 
as a Roach-Control Combination’ 


Price G. Piquert, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Slade (1945) first reported that the gamma isomer 
of benzene hexachloride was toxic to roaches. 
McGovran & Piquett (1946) compared this material 
in a dust with dusts of yrethrins, DDT, and 
sodium fluoride. They found it the most toxic of the 
four materials to German roaches, but less toxic 
than pyrethrins and DDT to the American roach. 
Technica] benzene hexachloride has an objectionable 
odor, which may be carried over into the purified 
gamma isomer, 

In the rearing of roaches for test purposes at the 
Agricultura] Research Center, Beltsville, Md., a 
commercial dog food, in large, dry pellets, is used 
for food. Roaches are known to prefer starchy foods 
(Rau 1946). This paper reports results of tests 
against roaches with tablets and powders to which 
the gamma isomer of benzene hexachloride and corn- 
starch has been added. 

Tasitet Tests.—Tablets were made from dog 
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food containing 2 per cent of gamma-benzene hexa- 
chloride, cornstarch, and both these materials, The 
gamma-benzene hexachloride dissolved in acetone, 
was added to the powdered dog food, the mixture 
evaporated to dryness over a water bath, and then 
pressed into cubes. The cornstarch was added to the 
dried mixture when it was included. The tablets 
were fed to 15 adult females of the American roach, 
Periplaneta americana (L.), for 10 days. No other 
food was given to the insects. The tests were repli- 
cated four times. 

The tablets containing both cornstarch and ben- 
zene hexachloride in dog food ki "e all the roaches, 
whereas those containing o mma-benzene 
hexachloride killed apes cent pos those containing 
only cornstarch killed 3 per cent. The powdered 
dog food in all cases masked the odor of the benzene 
hexachloride. 

Similar tablets were tested against the American 
roach and three other species, viz. the German 
roach, Blatella germanica (L.), the oriental roach, 
Blatta orientalis L., and the brown-banded roach, 
Supella supellectilium (Serv.). In all cases mortality 
was 100 per cent after 4 days 

Further tests were made to determine whether 
the increased efficacy of the gamma-benzene hexa- 
chloride-cornstarch tablets was due to the greater 
attractiveness of cornstarch to the roaches, and con- 
sequent greater consumption. Fifteen adult females 
of the American roach were allowed to feed for 2 
hours on tablets containing cornstarch, gamma 
benzene hexachloride, and dog food in the propor- 
tions used in the previous tests and also on tablets 
made of dog food alone, cornstarch alone, and corn- 
starch containing 2 per cent of gamma-benzene hex- 
achloride. The tests were replicated six times. All the 
roaches were starved prior to the tests. 

The average amounts of the various kinds of 
tablets eaten by the roaches are given below: 


Milligrams 

Dog food: 

Alone 21 

With cornstarch 31 

With gamma-benzene hexachloride 6 

With gamma-benzene hexachloride 

and cornstarch 5 

Cornstarch: 

Alone 75 

With gamma-benzene hexachloride 34 


The data show that feeding on the tablets by the 
roaches was not increased by the addition of corn- 
starch where benzene hexachloride was present. 
Therefore, increased kill must be due to synergistic 
action of the cornstarch, 

Tests with Powpers.—Further tests were made 
to determine the effectiveness of powders containing 
gamma-benzene hexachloride. 

The powders contained the same percentages of 
gamma-benzene hexachloride and cornstarch as did 
the tablets, but the carrier was an insecticidal grade 
of fuller’s earth instead of dog food. The crystalliz- 
ing-dish technique of McGovran & Piquett (1946) 
was used. Four replicated tests were made in which 
15 female American roaches were exposed to 40 mg. 
of powder. The average mortality after 10 days was 
only 12 per cent with the powder containing gamma- 
benzene hexachloride and 55 per cent when corn- 
starch was added. Two per cent of cornstarch in 
fuller’s earth gave only $ per cent kill. This increase 
in mortality is further evidence of the synergistic 
effect of cornstarch. 
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Summary.—Tablets containing 2 per cent each 
of gamma-benzene hexachloride and cornstarch in 
powdered dog food were found to be highly toxic 
to roaches. A powder containing the same materials 
with fuller’s earth substituted for the dog food, was 
likewise toxic. The powdered dog food masked the 
musty odor of benzene hexachloride. The increased 
toxicity of benzene hexachloride where cornstarch 
is present indicates synergistic action. 
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Tests on Control of Elm Scolytus 


S. W. Bromuey, Bartlett Tree Research Labora- 
tories, Stamford, Conn. 


More and more elm trees in southern New Eng- 
land are dying of the Dutch elm disease—bark beetle 
combination. Laboratory tests were conducted in 
1947 to determine the relative efficacy of arsenate of 
lead and DDT in preventing crotch feeding by the 
European elm bark beetle, Scolytus multistriatus 
rm 

Infested bark of American elm, Ulmus americana, 
was obtained in February 1947 from Philadelphia, 
Pa. On April 4 and 17, infested American elm bark 
from Stamford, Connecticut, was received. This elm 
bark was placed in rearing cages in the Insectary, 
where outdoor temperatures were maintained, and 
observed for emergence. 

Emergence of adult Scolytus started from the Phil- 
adelphia materia] on May 29, from the Stamford 
material on June 12. June 11 was the first hot day of 
spring, the temperature reaching 86° F. 

Three small potted American elm trees were 
sprayed and placed under celluloid covers inside the 
Insectary. The schedule of treatments was as fol- 
lows: 


No. 1. Sprayed with arsenate of lead,' 6 lbs per 
100 gallons, on June 13th. 

No, 2. Sprayed with wettable DDT powder,? 2 
Ibs. per 100 gallons on June 13th. 

No. 3. Unsprayed. Check. 

No. 4. Mist-blown with DDT* crystals (89 per 
cent), 1 lb. dissolved in 3 pints of xylene 
and diluted with 5 pints of kerosene, solu- 
tion on July 7th. 


Living Scolytus beetles were then introduced into 
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1 Formula; Nurexform Arsenate of lead powder @ 6 Ibs./100 
al. plus Filmfast spreader and sticker @ 8 0z./100 gal. Nurex- 
orm made by DuPont Chemical Co., Wilmi n, Del. Filmfast 

made by General Chemical Com Philadelphia, Pa. 
2 Formula: Deenate 50W (50% DDT) @ 2 lbs./100 gals. Du- 
Pont Chemical Co., Wilmington, Del. ; 

3 Formula; Westvaco DDT crystals (89%) @1 |b. dissolved 
in 3 pints of Xylene and diluted with 5 pints of kerosene. West- 
vaco Chlorine Products Corp., Carteret, N. J. 
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the cages with all the trees except the untreated 
check using 20 or more beetles per caged tree 
every day or every other day, as long as emergence 
continued, which was until June 26 in the case of the 
Philadelphia material and until July 18 from the 
Stamford material. 

The Scolytus beetles, on introduction into the 
cages, went immediately to the twig crotches where 
they started feeding. 

In the case of the untreated tree only eight beetles 
were introduced. These eight beetles Killed the tree 
almost to the ground, by girdling, within 10 days. 
Apparently there was no Dutch elm disease fungus 
present on them as the trunk below the point of 
twig-branching was still alive and sent out new 
growth later in the season. 

It was 9 days before the beetles were able to get 
through to the sapwood on the arsenate of lead 
sprayed trees. It took longer here for the beetles to 
be killed as a result of feeding on the stomach poison 
in the sprayed twig-crotches than it did for them 
to be killed by contact of their feet with DDT. 

In the case of tree 2 it was 21° days before the 
beetles penetrated the DDT barrier. 

In the case of tree 4 (mist-blown with DDT 
solution) the entire tree died within 3 weeks as a 
result of kerosene penetration of the tender bark. 
The Scolytus beetles do not attack dead twigs, hence 
no feeding occurred on this tree. It was impossible 
to determine how long protection from crotch-feed- 
ing could be obtained from Scolytus in this case be- 
cause of the death of the tree. 

There was slight arsenical injury to the leaves of 
of tree 1, about equal to the amount of spray injury 
from the wettable DDT mixture in case of tree 2. 
However, for practical purposes, both the arsenate 
of lead and the DDT gave protection throughout 
the season under these conditions with a minimum 
of foliage injury. 

It is of interest to note that individual beetles of 
the common elm borer, Saperda tridentata Oliv., 
were apparently unaffected by the DDT, some of 
them living as long as 10 days in the cage. Those in 
the arsenate of lead cage, however, died of arsenical 
poisoning within a few hours after introduction. 

What are the practical implications of these 
tests? I think they definitely indicate that, by 
proper timing, either arsenate of lead or wettable 
DDT may give satisfactory protection from Scoly- 
tus crotch-feeding if applied to the twig crotches in 
sufficient amounts, In the case of DDT applied by a 
mist blower a fair amount of protection against 
Scolytus was obtained in the 1947 large scale outdoor 
applications. There has, however, been considerable 
oil injury on many elms so treated. 

A survey was made of approximately 700 trees in 
southwestern Connecticut, Westchester County, 
New York, and New Jersey which had been given 
proper sanitation, 7.¢e., pruning and feeding when 
necessary and spraying with arsenate of lead once 
or twice a season. Dormant applications of miscible 
oil were given periodically to control elm bark louse 
and aphids. Of these 700 trees, 5 have died during 
the past 10 years from the combination of Dutch elm 
disease vail Scolytus attack. This indicates loss of 
about 1 per cent of well-cared-for elms. Contrast 
this figure with the 25 per cent of street and park 
elms in a certain Connecticut city which have died 
of the combination of Dutch elm disease and Scoly- 
tus during the past 18 years where only mediocre 
care had been given, or in some cases, during the 
= ears, when they had been completely neg- 
ected, 
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Chlorinated Insecticides for Control 
of the Potato Flea Beetle 


Neety Turner and Nancy Wooprurr, Conn. 
Agr. Expt. Sta., New Haven, Conn. 


This test was designed to compare the effectiveness 
of several formulations of DDT and of the chlor- 
inated insecticides Chlordan, methoxy DDT and 
chlorinated camphene! (Parker & Beacher, 1947) for 
control of flea beetles, leafhoppers and aphids on 
potatoes. Leafhoppers were present in such small 
numbers in 1947 that they caused little damage. 
— also were of no consequence in the plots. 
Therefore the results are confined to control of the 
potato flea beetle and to the effect of the treatment 
on yield of potatoes. 

Mertnops.—Katahdin potatoes were planted 
April 28, using the spiral arrangement of Horsfall 
& Rich. This system provides for 10-row plots repli- 
cated four times in randomized blocks. The principal 
advantage of the design is the convenience and ease 
of application of materials using a power sprayer on 
small plots and approximating the performance of 
field sprayers. Application was made using a three- 
nozzle portable boom (one nozzle on each side di- 
rected into the plant and one nozzle spraying di- 
rectly down into the plant). Applications were 
made June 4, 11, 19and 26, July 3, 11, 17 and 24 and 
August 1. Late blight had appeared when the final 
application was made, and zinc ethylene bisdithio- 
carbamate?’ was applied to all plots, including checks, 
at the rate of 1 pound in 50 gallons of water. The 
same fungicide was also applied on August 7 and 15 
without insecticide. 

Damage by flea beetles was estimated on June 18 
for the overwintering adults, and on July 24 for the 
summer generation, using the system described by 
Horsfall (1945). The crop was harvested in October 
and the number and weight of tubers per plot re- 
corded, 

MateriAis.—Two samples of DDT wettable 
powder, one finely micronized (average particle size 
10 to 20 microns) and the other ball-milled (average 
25 to 35 microns) were applied.? These were the 
same samples as those used in tests reported by 
Woodruff & Turner (1947). Four emulsions were 
used: (1) a laboratory preparation containing 25 per 
cent DDT in Sun Solvent 1547 with 2 per cent emul- 
sifier.‘ (2) a proprietary 25 per cent DDT emulsion 
(A), (3) a proprietary emulsion containing 34 per 
cent DDT and (4) a proprietary emulsion (B) con- 
taining a solvent of considerable insecticidal value 
and with 30 per cent DDT. 

The chlordan and methoxy DDT preparations 
were commercial wettable powders containing 50 
per cent insecticide. The chlorinated camphene was 
a 25 per cent wettable powder. 

With the exception of the finely micronized DDT, 
the highest concentration of toxicant was 1 pound 
in 100 gallons of water. Since the finely micronized 
material was shown to be of high toxicity, it was ap- 
plied at a concentration of 8 ounces in 100 gallons. 
At least two lower concentrations of each material 
were used in the dosage series and al] materials were 
diluted on the basis of DDT content. 

Resutts.—A summary of the data is given in 
table 1. The finely micronized DDT was more ef- 
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2 Dithane Z-78. 

3 These materials were laboratory preparations furnished by 


the Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 
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Table 1.—Per cent reduction in flea beetle 
damage. 











Yretp, 
Conc. Las. 
TOXICANT, IN 4 
Las.-100 June Jury 10-Foor 
MATERIAL Gals. 24 
Ball-Milled DDT Spray 1 77 60 83.4 
Powder 5 58 49 87.9 
25 54 38 83.0 
125 26 22 96.9 
Finely Micronized DDT 5 86 67 88.9 
Spray Powder 25 78 59 93.1 
125 54 36 94.6 
Chlordane Spray Powder 1 73 60 93.6 
5 67 44 90.2 
25 48 35 90.9 
Methoxy DDT Spray 1 84 59 79.4 
Powder 5 66 50 79.7 
25 44 33 88.5 
Chlorinated Camphene 1 72 60 58.2 
Spray Powder 5 61 36 83.7 
25 49 25 79.9 
Laboratory DDT Emul- 1 82 67 96.5 
sion 5 73 52 84.8 
25 35 39 92.7 
125 34 22 79.9 
Commercial Emulsion, 1 92 74 76.1 
34% DDT 5 68 54 90.9 
25 54 41 79.4 
125 55 22 78.8 
Commercial Emulsion A, 1 82 66 72.7 
25% DDT 5 73 52 95.5 
25 58 35 96.3 
125 50 25 94.8 
Commercial Emulsion B, 1 85 61 72.9 
25% DDT 5 70 47 83.9 
25 64 35 82.3 
125 44 22 94.7 
No Treatment 87.9 





fective in controlling flea beetles than any other 
material used at equal concentration. (Probability 
greater than .01 by the method of Wilcoxon) (1947). 
For the second successive season fine particle size 
was more effective than coarse, and wettable powder 
more effective than emulsions (Woodruff & Turner, 
1947, 1948). Chlordan, methoxy DDT and chlo- 
rinated camphene were less effective than finely 
micronized DDT. Within the emulsions there were 
no differences that were significant statistically. 

As far as yields are concerned, little can be said. 
There were no statistically significant differences 
even between the low yields following applications 


* of chlorinated camphene and the highest yields. 


Little difference in yield between treated and un- 
treated plants would be expected in the absence of 
any serious pests except flea beetles, which did not 
kill untreated vines. 

Marked foliage injury appeared soon after the 
second application of the high concentration of 
chlorinated camphene. As the season progressed the 
vines appeared to be stunted, and the yield was less 
than the yield from untreated plants. In fact, the 
yield of all concentrations of this material was less 
than the untreated check. Yield following methoxy 
DDT was only slightly better although no definite 
foliage injury was noted. 

Commercial emulsion B also caused injury to the 
vines at the high concentration which was at least 
twice the amount usually used on potatoes. 

SummMary.—For the second successive season, 
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DDT spray powder of fine particle size provided 
significantly better flea beetle contro] than coarse 
particle size, and a higher yield of potatoes. 

Likewise control of flea beetles by the fine par- 
ticle sized DDT was superior to control by any of 
the four emulsions used. 

DDT provided better control of flea beetles than 
chlordan, methoxy DDT or chlorinated camphene, 
Yields following methoxy DDT and chlorinated 
camphene were especially low. 

Chlorinated camphene caused definite foliage in- 
jury at the high concentration. 
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Rearing Methods for German and 
American Cockroaches' 


Ratru E. Heat,? Rutgers University, New 
Brunswick, N. J. 


In the course of investigations of insecticides two 
species of cockroaches, Blattella germanica (L.) and 
Periplaneta americana (L.), were utilized as test in- 
sects. Experience with these species demonstrated 
that it was advantageous to maintain laboratory cul- 
tures under controlled conditions and on a known- 
age basis. As work progressed through a series of 
studies* methods by which such cultures could be 
maintained in a routine manner were developed, and 
have been used continuously since 1940 at Rutgers 
University. They are described as follows. 

The cultures of both species are maintained in an 
air-conditioned laboratory in which the tempera- 
ture is held at 75° F.+2° with the relative humidity 
at 60 per cent + 10 per cent. These conditions are not 
the optimum for the most rapid development of 
the insects, but they represent conditions nearest to 
optimum under which humans can work with 
reasonable comfort. 

The cultures are so established that the age of all 
individuals is known within the range of 1 week. 
Minor modifications of procedure would permit the 
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establishment of the stock more or less frequently 
with the age of the individuals known within a nar- 
rower or wider range. 

To prevent the escape of roaches into the labora- 
tory all the rearing and handling is done on tables 
protected by a moat containing oil.‘ This moat is 
provided by attaching a metal trough, 2 inches wide 
and 2 inches deep, about the edge of the table. The 
upper inner edge of the trough is constructed to 
overlap the top of the table to the distance of 2 
inches. This inner edge is sealed to the table surface 
by adhesive tape. The trough is filled with oil to the 
depth of 1 inch. This protective device is effective in 
preventing the establishment of a roach infestation 
in the laboratory. Cages and equipment to be re- 
moved from the tables are freed of roaches by immer- 
sion in boiling water. 

German Cockroacu.—The young nymphs for 
the establishment of the cultures are obtained from 
hatching cages in which reproducing females are 
confined. The hatching cage consists of a wire- 
screen cylinder resting on platforms within a battery 
jar. The females for reproduction are confined within 
the screen cylinder and the young nymphs escape, 
on hatching, to the platforms in the battery jar. 
The battery jar used is 6 inches in diameter and 8 
inches deep. Two plywood or fibre-board platforms, 
each with four legs 0.25 inch long, are placed, one 
on top of the other, in the bottom of the jar. These 
platforms are of a size to fit easily into the jar and 
are of the form of a circle with two opposite segments 
on approximately a four-inch chord removed. The 
screen cylinder is 4.25 inches in diameter and 6 
inches high. The bottom and the lower 3 inches of 
the side are constructed of 10-mesh wire screen. The 
upper 3 inches of the side is a solid metal collar. 
Cages constructed of copper or stainless steel have 
been used successfully, A water supply is provided 
both within the screen cage and on the upper plat- 
form outside the cage. A convenient watering de- 
vice consists of a 15 cc. wide mouth bottle inverted 
in the bottom of a 50X10 mm. culture dish. A tri- 
angular notch in the edge of the mouth of the bottle 
permits a controlled flow of water from the bottle. 
A roll of cotton in the culture dish around the cir- 
cumference of the bottle prevents drowning. Food 
in the form of pellets of dog food is placed in the 
screen cage. A small amount of sugar and some pul- 
verized dog food is provided on one of the lower plat- 
forms. About 100 gravid females are placed in each 
screen cage. A thin film of vaseline on the metal 
collar prevents their escape. Once each week the 
screen cage is removed and any young nymphs ad- 
hering to it dislodged with a brush. These, with the 
young nymphs in the battery jar, are used for the 
establishment of the new stock. After the removal 
of the nymphs, the supply of gravid females in the 
screen cage is replenished and this cage established 
anew in a battery jar for another week. Five hatch- 
ing cages in continuous operation yield about 2000 
young roaches per week. 

The young roaches are transferred from the hatch- 
ing cages to battery-jar rearing cages for subsequent 
development. This cage consists of a battery jar, 
6 inches in diameter and 8 inches deep, containing 
10 plyweod or fibre-board platforms, each approxi- 
mately 4.12 inches square and having four legs 0.25 
inch long. Wire brads or machine screws serve ade- 
quately as legs. These platforms are placed one on 


4 Mentor 28, Standard Oil Co. of N. J. (Gravity ° A.P.I., 42.0; 
Specific 1a @60° F., .815; Flash °F., 270; Boiling Range 
°F., 518-618. 
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top of another in the jar, spaced 0.25 inch apart by 
means of their legs. This provides much extra floor 
space on which the roaches may develop. A thin 
film of vaseline is spread on the inner edge of the jar 
at the top to prevent escape of the roaches and the 
jar is closed with a cotton gauze cover. Pellets of dog 
food are provided as food and a water supply is pro- 
vided on the upper platform. Four hundred roaches 
can be reared to maturity in a single cage of this 
type. 
In order to prevent the establishment of a mite 
infestation the roaches are transferred to a clean 
cage at the end of 5 weeks. No further maintenance 
work is required with the exception of the replenish- 
ing of the water and food supplies. 

Under the above conditions the majority of the 
roaches reach the adult stage at the age of nine weeks. 

Roaches are immobilized for sorting prior to 
testing by chilling in a refrigerator at 30°+2° F.! 
The roaches are shaken off the platforms into a clean 
battery jar for this step. They cannot be kept under 
refrigeration for more than 2 Heres without affecting 
their resistance. 

By the use of this method a large stock of test 
insects of uniform developmental background and 
known age can be maintained. One technician work- 
ing 6 hours a week can provide 2000 roaches weekly 
for testing as adults at the age of 10 weeks. Only 30 
square feet of table space is required for such a 
supply. 

American Cockxroacu.—A constant supply of 
egg capsules is available from the cages containing 
adults in the material taken from the cages at each 
of monthly cleanings. The capsules are sorted from 
the refuse by hand and placed in a glass jar in a layer 
no thicker than 0.25 inch for hatching. 

Once each week all the freshly hatched nymphs 
are removed with the aid of a soft camel hair brush. 
Four days prior to this removal] date water is pro- 
vided for the nymphs from any convenient device 
such as saturated cotton in a shallow container, At 
the same time, a small lump of sugar is provided. 
The water and sugar are supplied intermittently to 
discourage the development of mold and mite in- 
festations on the egg capsules. 

The nymphs removed from the hatching jars are 
transferred to battery-jar cages for the first 3 months 
of their development. This cage is similar to the one 
described for the rearing of the German cockroach 
earlier in this paper with the exception that the 
bottom of the battery jar is covered with a layer of 
cotton gauze or filter paper before the platforms are 
placed in position. This prevents mortality among 
the young roaches resulting from their inability to 
regain their feet if they fall on their backs on the 
smooth glass bottom. Escape from the jar is pre- 
vented temporarily by a thin film of vaseline on the 
inner edge of the top of the jar and permanently by 


1 Since the original development of these techniques it has 
been found that roaches may be immobilized conveniently and 
without effect on their resistance by anaesthetization with car- 
bon dioxide, a procedure which has been observed in several 
other laboratories. 
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closing the jar with a cotton gauze cover. Food is 
provided to the young roaches in the form of a smal] 
amount of puialabed sugar and some pellets of dog 
food. The sugar is supplied only once, at the estab- 
ment of the new colony. The dog food is maintained 
as the standard diet. Water is supplied from a suit- 
able device on the upper platform. Four hundred 
roaches can be pends to the age of 3 months in a 
single cage of this type 

At the age of 3 months the roaches are transferred 
to a screen-covered cage for the remainder of their 
developmental period. This cage is rectangular, 12 
inches long, 8 inches wide, and 6 inches high, with 
wooden floor and framework and a sliding glass 
front. It is covered on the back, top, and two sides 
with 16-mesh wire screen, It contains seven plywood 
or fibre-board platforms each 8 inches long and 
6.5 inches wide, and each with four legs 0.5 inch 
long. These platforms are placed one on top of an- 
other in the cage so that they are spaced 0.5 inch 
apart by means of their legs. The water is supplied 
from a l-ounce squat-type ointment jar placed on 
the floor of the cage in front of the platforms. The 
jar is filled with cotton gauze which is kept satu- 
rated with water througha 10 mm. glass tube touch- 
ing the cotton and feeding from a bottle suspended 
in an inverted position on the side of the cage. Pellets 
of dog food are provided on the floor of the cage as 
food. Each cage will accommodate 150 roaches 
through their development from the age of 3 months 
to maturity. 

The maintenance of the cultures requires the re- 
plenishment of the water and food supplies when 
necessary, and the removal of the debris from the 
floors of the screen cages once monthly. This latter 
step is accomplished with the assistance of a 12- 
inch spatula. Most of the excess food and fecal mat- 
ter is deposited by the roaches outside the cages 
through the screen and this deposit on the tables 
must be cleaned up periodically. 

Under the conditions outlined above, the major- 
ity of the roaches reach the adult stage at the age of 
of seven months, 

Transfers of the roaches may be made with the 
assistance of immobilization by chilling.? This is 
done in a refrigerator in which the temperature is 
maintained at 30°+2°F. A chilling period of ap- 
proximately 2 hours is necessary for the immobiliza- 
tion of the roaches in either the battery-jar or screen 
cages, 

This method permits the maintenance of a large 
and constantly replenished laboratory culture of 
test insects of uniform developmental background 
and known age. A culture which provides for testing, 
each week, 1600 adult roaches of the age of 9 months 
has been maintained by one technician working 12 
hours per week. This culture requires 125 square feet 
of table space. 


2 Recent communication from Dr. P. Granett and Dr. L. E. 
Hagmann of peers University advises that anaesthetization 
with carbon dioxide offers advantages over chilling as a method 
of immobilization. 
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A Phyllobius Species, a New Pest and 
Its Control on Arborvitae' 


T. W. Kerr, Jr., Rhode Island State College, 
Kingston 

During late April 1947, a Rhode Island nursery- 
man reported to the writer the presence of an insect 
that had caused considerable injury to the roots of 
his arborvitae plants, An investigation on May 5 
revealed the existence of a severe infestation of 
arval and pupal stages of two Rhynchophora spe- 
Icies in the soil among the roots of the plants, After 
some of the specimens were reared to the adult 
stage most of the insects were found to belong to 
the genus Phyllobius, while a few were those of 
Barypeithes pellucidus Boh. 

In corresponding with Mr. C, F. W. Muesebeck, 
and later with Mr. L. L. Buchanan, of the Division 
of Insect Identification, Bureau of Entomology and 
Plant Quarantine, it was learned that the Ph lus 
species under consideration was not in the collection 
of the U. S. National Museum or in that of the 
British Museum. Mr. Buchanan advanced the pos- 
sibility that the species might be of Asiatic origin 
or that it might be undescribed. At the present 
stage of investigation the specific name has not been 
determined. 

The origin of the insect in Rhode Island is un- 
certain, One Middletown, Rhode Island, nurseryman 
has correspondence dated October 10, 1944 relative 
to the identification of the adult. Previous to that 
time no records concerning its existence in Rhode 
Island have been found. 

The preliminary studies reported here are part of 
a research program initiated during 1947 to inves- 
tigate the biology and control of the insect. 

The eggs have not been collected in the field al- 
though several examinations have been made of the 
soil surrounding arborvitae roots in the area of in- 
festation. Eggs have been recovered, however, in 
laboratory and greenhouse cages where female bee- 
tles were observed in oviposition. When newly laid, 
the eggs were smooth and white in color, elliptical in 
form with the sides almost parallel and the ends 
bluntly rounded. The average length of 42 newly 
deposited eggs was .6 mm. and the width .4 mm. 
After 48 hours the color changed from white to a 
light brown. Five days after deposition the average 
length of the egg increased to .72 mm. while the 
width decreased to .88 mm. Shortly before hatching, 
the tips of the mandibles of the larva, and in some 
cases larval movement, were visible through the egg 
covering. 

When depositing eggs in laboratory and green- 
house cages the female beetles have been observed 
to insert the ovipositor into the soil to a depth of 2 
to 3 millimeters. In most cases a single egg was 
deposited but occasionally 2, 3, 4 or 5 eggs have been 
observed to be deposited by a female in a particular 
spot. 

Eggs kept in the laboratory in moist soil at 73 to 
77° F. hatched in 10 to 11 days, while those main- 
tained under similar conditions at temperatures 
above 80° F, failed to hatch although larval develop- 
ment was completed and larval movement within 
the egg covering was apparent within 10 days. 

The newly hatched larva was observed to be white 
with a light yellowish-brown head capsule. A few 
hours after hatching, the larva was capable of fairly 
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active movement, especially over the surface of the 
soil. In the field none of the earlier larval instars 
were found until October 6, 1947 when they were 
discovered feeding on the roots of pyramidal arbor- 
vitae along ay Hi of Brachyrhinus ovatus and 
a Barypeithes species, At that time, the body of the 
Phyllobius larvae was a light pink while the head 
was brown in color. 

On May 5, 1947 larvae and pupae of the Phyllo- 
bius species under consideration, as well as pupae of 
Somes pellucidus, were found in the soil sur- 
rounding the roots of pyramidal arborvitae, At the 
time most of the Phyllobius species were in the pupal 
stage. Pupae of both species, brought into the lab- 
oratory and maintained at room temperature, 
emerged as adults within 72 hours. Newly emerged 
adults of Phyllobius were light brown in color; older 
ones are black, with the head, thorax and abdomen 
rather densely clothed with bluish-green scales. The 
adults are winged but were rarely seen in flight, 
particularly after late May. 

In the field a few Ph ius adults appeared dur- 
ing mid-May, 1947 and by May 26, all had emerged 
from the soil. On the other hand, adults of Bary- 
peithes pellucidus emerged from the soil at the same 
time as those of the Phyllobius species but were not 
collected on arborvitae or any of the plants listed in 
tables 1 and 2 in diurnal collecting during the re- 
mainder of the season. 

Both sexes were present in the field. Mating was 
first observed on May 24, and on July 16, the last 
date on which weevils could be found, mating pairs 
were collected. In the laboratory individual pairs 
were found to mate several times. 

On arborvitae in the field, adults were found to 
feed in sunlight or shade, usually in the top third of 
the host plant. Newly formed leaves, generally at 
the terminal end of branches were preferred. A 
slightly irregular, cup-shaped area about a milli- 
meter in diameter was eaten from the leaves. After a 
few days the tissue surrounding the consumed area 
became necrotic. This condition, together with the 
visible evidence of an irregular cup-shaped depres- 
sion, was characteristic of the feeding injury pro- 
duced by the Phyllobius species under consideration. 
During the night the weevils remained on the foliage 
but it was not determined whether feeding was 
carried on then. 

When disturbed, the weevils dropped very readily 
to the ground where they remained immobile for a 
short period of time, but they did not feign death. 
Oftentimes when the weevils dropped from the 
foliage to the ground the wings were observed to be- 
come slightly extended. None, however, was ob- 
served to take wing when falling a distance of 7 feet. 

At tlie present stage of the investigation it appears 
that the adult is not highly migratory. The presence 
of the larva] and pupal stages in balled nursery stock 
indicates the most likely manner in which the insect 
is disseminated, Adult Phyllobis have been col- 
lected from Middletown and; South Kingstown, 
Rhode Island, principally from arborvitae in nursery 
plantings. Larval Phyllobius have been found in the 
soil among the roots of pyramidal arborvitae at 
Middletown. 

In table 1 are listed the host plants from which 
weevils of the Phyllobius species have been col- 
lected, and in table 2, those on which no weevils 
could be found, although in many cases the latter 
plants were in nursery rows adjoining heavily in- 
fested arborvitae. All host plant records were ob- 
tained on May 31 and June 16 from two nurseries 
located at Middletown, in the center of the Phyllo- 
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Table 1.—Plants from which Phyllobius adults 
were collected, Middletown, R. I., May-June, 
1947. 








Slender Hinoki cypress Chamaecyparis obtusa gracilis 
Golden Sawara retinospora C. pisifera aurea 

Plume retinospora C. pisifera plumosa 
Goldenplume retinospora C. pisifera plumosa aurea 
Juni Juniperus excelsa stricta 
Keteleer redcedar J. virginianna keteleeri 
American arborvitae j is 


Thuja 
New dark American arborvitae —_T’. occidentalis nigra 





Pyramidal arborvitae T. occidentalis fastigiata 
Rosenthal arborvitae . occidentalis rosenth 
Spiral arborvitae T. occidentalis spiralis 
Siberian arborvitae T. occidentalis robusta 
Berckman’s golden arborvitae T. orientalis aurea 


Yellow golden arborvitae T. orientalis elegantissima 





bius infested area. Approximately 350 acres of nurs- 
ery stock are included in the two nurseries. 

From tables 1 and 2 it is evident that Phyllobius 
adults were collected only from the tribe Cupresseae, 
which includes the genera Chamaecyparis, Thuja, 
and Juniperus, while no adults were collected from 
the genera Pinus, Picea, Abies, and Tsuga, all of 
which are members of the family Pinaceae. More- 
over, weevils were not collected from the deciduous 
plants recorded in table 2. Phyllobius adults were 
more abundant on varieties of Chamaecyparis obtusa 
and Thuja occidentalis than on species of Juniperus 
or varieties of Thuja orientalis. There was a marked 
difference in the degree of infestation between the 
species of Thuja, T. occidentalis varieties being heav- 
ily infested, while varieties of 7. orientalis showed 
only a few weevils. 


Table 2.—Plants from which no Phyllobius 
adults could be collected. Middletown, R. I., 
May-June, 1947. 








Mugho pine Pinus mugo mughus 
White spruce Picea glauca 

Koster bluespruce Picea pungens argentea 
Spanish fir Abies pinsapo 
Canadian hemlock Tsuga canadensis 
Japanese yew Taxus cuspidata 
Boxwood Buxus sempervirens 
Flowering dogwood Cornus florida 


Japanese barberry Berberis thunbergtt 





To date only the adult stage of the Phyllobius 
species has been used in control studies, which were 
conducted in the field during May and June 1947, 
at Middletown, Rhode Island, 

Materials applied as sprays were DDT, benzene 
hexachloride (6% gamma isomer and 44% other 
isomers of hexachlorocyclohexane), and acid lead ar- 
senate, 

An arborvitae planting, variety Thuja occidentalis 
fastigiata, heavily infested with Phyllobius adults 
was selected for the insecticide trials. The planting 
consisted of 56 rows, each 390 feet long, containing 
plants 5 to 6 feet tall. Sufficient of the planting was 
utilized to provide three mache, replicated 
plots of four 200-foot rows, three feet apart, for each 
insecticide treatment and for the check treatment. 
as, i pt $50 plants were included in each 
replicate of every treatment. 

On May 27, 1947, just before the spray materials 
were applied the number of weevils in 30 plants se- 
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lected at random in the experimental area was ob- 
tained by placing a white cloth under each plant 
and shaking it gently. A total of 927 weevils was 
found on the 30 plants. After each plant was shaken, 
the date and the number of weevils found was 
written on a paper tag afixed to the terminal twig. 
The same procedure was followed 2 and 17 days 
after the sprays were applied except that 10 plants in 
the middle two rows of each replicate of each treat- 
ment were shaken, and the information on the paper 
tags included the date, number of the plant, treat- 
ment, replicate, and number of weevils obtained. 
None of the 30 plants from which weevils were 
shaken just previous to the application of the sprays 
was included in the plants shaken after the insec- 
ticide tests were made. 

On May 27, a single nozzle orchard spray gun and 
200 feet of hose was used to apply the sprays at a 
pressure of about 450 lbs. per square inch at the 
pump. A fine spray was used and each plant was 
covered thoroughly. 


Table 3.—Control of the Phyllobuis weevil with 
materials indicated, Middletown, R. I., May- 
June, 1947. 








REDUCTION IN 








Amt.  Phyllobius WeEvi. 
PER 100 AFTER: 
GAL. 
MatTERIAL Water 2Days 17 Days 
lb. per cent per cent 
Lead arsenate 3 31.7 88.0 
Benzene hexachloride 2 98.0 97.5 
50% W 
DDT 50% W 2 99.8 100.0 
Check 2.4! 82.3 





1 Denotes increase rather than reduction. 


In table 3 are shown the results obtained by ap- 
plying lead arsenate, benzene hexachloride, and 
DDT as sprays to the foliage of pyramidal arborvi- 
tae for control of the Phyllobius weevil. It is evident 
that 2 pounds of either 50 per cent wettable DDT or 
50 per cent wettable benzene hexachloride (contain- 
ing 6 per cent gamma isomer) in 100 gallons of water 
were equally effective in controlling the insect. Three 
pounds of lead arsenate in 100 gallons of water was 
ineffective. The reduction of 82.3 per cent in the 
check treatment after 17 days was attributed to 
natural mortality, since at that time the weevil 
had become less abundant throughout the infested 
area, 

Summary.—The presence of an undetermined 
Phyllobius species as a new pest of nursery stock in 
Rhode Island is reported. The adult stage, which 
was present in the field from mid-May to mid-July, 
1947, was collected from several species of the genera 
Thuja, Chamaecyparis, and Juniperus and was 
found most numerous on varieties of Thuja occiden- 
talis and Chamaecyparis obtusa. Preliminary studies 
on the biology of the Phyllobius species revealed that 
the eggs were deposited in the soil to a depth of two 
to three millimeters and that the larvae fed upon 
the roots of pyramidal arborvitae. Control studies 
showed that DDT and benzene hexachloride were 
effective, while lead arsenate was ineffective in con- 
trolling the adult, 
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Toxicity to House Flies of Three 
Phosphorus Acid Esters 


W. A. Gersporrr and R. H. Netson, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Recent interest in hexaethy] tetraphosphate as an 
insecticide led to a study by Ludvik & Decker 
(1947) of the toxicity to aphids of a large number of 
phosphorus acid esters, The effectiveness of three of 
these esthers—hexaethy] tetraphosphate, tetraethy]l 
pyrophosphate, and 0,0-diethy! 0-p-nitrophenyl 
thiophosphate—when applied as space sprays 
against house flies, Musca domestica L., has been 
investigated at the Agricultural Research Center at 
Beltsville, Md. 

Hexaethyl tetraphosphate was shown by Hall 
(1945) to be contained in a contact insecticide de- 
veloped in Germany. More recently Hall & Jacobson 
(1947) have shown that this product contains tetra- 
ethyl pyrophosphate. 0,0-diethyl 0-p-nitrophenyl 
thiophosphate, which was also used as an ‘anemiiels 
in Germany, has been described by Thurston (1946). 
(Now known as parathion.) 

The hexaethy] tetraphosphate used in the tests 
conducted at Beltsville was prepared by the 
Schrader (1943) process, and the tetraethyl pyro- 
phosphate by a modification of the same process, All 
the materials were of technical grade. ’ 

The tests of Ludvik & Decker indicate tetraethyl 
pyrophosphate to be about three times as toxic to 
the aphid Myzus porosus Sanderson as is hexaethyl 
tetraphosphate. 

The comparisons in this study are based on meas- 
urements of toxicity to adult Sere flies as deter- 
mined by the Campbell turntable method. The flies 
were reared by standard procedure. Prelimi 
tests were made to find the concentrations of eac 
material required to give mortalities at several levels. 
Because of the low solubility of some of the phos- 
phates in kerosene, the usual solvent for this 
method, a 1:1 mixture of acetone and refined kero- 
sene was used throughout the tests. Because of the 
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instability of both hexaethyl tetraphosphate and 
tetraethy! pyrophosphate in the presence of water, 
the acetone was dried before use and the sprays 
were prepared just before they were tested. 

Mortality percentages were determined in four or 
six replications at each concentration, approximately 
100 flies being used in each test. Tests were also 
made with the usual standard, the mixture of pyreth- 
rins obtained from kerosene extract of pyrethrum 
flowers, the sprays being prepared with the same 
acetone-kerosene carrier. The results are given in 
table 1. To obtain the concentrations causing 50 per 
cent mortality, the results were plotted on log prob- 

_ ability paper and these values obtained from the 
fitted lines. 

Knock-down of flies is not given, because acetone 
greatly increases this measurement. This solvent 
when sprayed alone under the conditions of this 
method does not cause death. When used in conjunc- 
tion with pyrethrins, however, it does increase mor- 
talities. The phosphozus acid esters have not been 
studied in this respect, primarily because of their 
slight solubility in kerosene. Therefore, direct com- 
parison of these esters had best be made, not with 
the common standard, but among themselves, as has 
been done in table 1. 

Conciusions.—When technical-grade materials 
were used, tetraethyl pyrophosphate was found to 
be 5 to 6 times and 0,0-diethyl 0-p-nitrophenyl 
thiophosphate about 17 times as toxic to house- 
flies as was hexaethy] tetraphosphate. Under the con- 
ditions of these tests the three phosphorus acid esters 
were considerably more toxic than the pyrethrins. 
The least effective one, hexaethyl tetraphosphate, 
was about twice as toxic as the pyrethrins, 
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Table 1.—Toxicity to adult house flies of three phosphorus acid esters when applied in 1:1 


acetone-kerosene sprays. 











Mean’ .Mean Concentra- Re tative Toxicity 


Concen- Mortauity tion Causine 50% at 50% Mor- 





MATERIAL TRATION IN 1 Day MortTaity TALITY LEVEL 
Mg./ml. Per Cent Mg./ml. 

Hexaethy] tetraphosphate 0.64 58 0.52 +0.05 1 
.82 83 
16 3 

Tetraethyl pyrophosphate . 30 100 .095+ .010 5.5 +0.7 
15 70 
074 43 
.037 10 

Parathion ; 079 100 030+ .008 17 +2 
.0389 71 
.026 47 
.020 ll 

Pyrethrins (standard) 2 70 1.20 + .14 0.48+ .06 














$34 JOURNAL OF Economic ENTOMOLOGY 


Ludvik, G. F., and G. C. Decker. 1947. Toxicity 
of certain esters of phosphorus acids to 
aphids. Jour. Econ. Ent. 40(1): 97-100. 

Schrader, G. 1943. Hexaesters of tetraphosphoric 
acid. U. 8. Patent 2,336,302, Dec. 7. To 
Alien Property Custodian. 

Thurston, J. T. 1946. Organic chemical inter- 
mediates for insecticides, fungicides, and 
rodenticides. U. S. Dept. Com., Off. Tech. 
Serv., Pub. Bd. Rpt. 60890. 





Control of Pickleworms on Cucumbers 
and Cantaloupes 


Lauren D. ANDERSON and Ricuarp N. HormastTEer> 
Virginia Truck Experiment Station, Norfolk 


The pickleworm, Diaphania nitidalis (Stoll), is an 
important limiting factor in the production of late 
cucumbers and cantaloupes in this area. Since no 
practical insecticide control measures had been de- 
veloped, the standard recommendation in this area 
has been to plant early so as to harvest the crop 
before the middle of August. Cucumbers and canta- 
loupes maturing in this area after this time are 
usually completely destroyed by pickleworms. 

In field size tests on cantaloupes in 1946 (Brooks 
& Anderson 1947) benzene hexachloride dusts were 
found to give excellent control of the worms but 
caused some foliage injury. Also DDT dusts were 
found to be fairly effective. 

In view of these facts it seemed advisable to test 
these materials again in 1947. Another new insec- 
ticide dichlorodiphenyldichloroethane! was inc!uded 
in the tests. 

Mernops.—Three rows each of Burpee Hybrid 
cucumbers and Smith’s Perfection cantaloupes were 
planted on August 2, 1947. The rows were 5 feet 
wide and 120 feet long with two plants per hill. The 
hills were $ feet apart in the row. Six hill plats repli- 
cated $ times were used for each treatment. All dust 
treatments were made with a rotary hand powered 
duster at the rate of 40 pounds of dust per acre per 
application. Both the cucumbers and cantaloupes 
were dusted with a copper dust for downy mildew 
control on August 20, 25, September 12 and 18, The 
cantaloupes received an additional copper treatment 
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September 26. All plants were treated August 2 for 
cucumber beetle control, using a 1-per cent DDT-2- 
r cent oil-impregnated dust. This treatment may 
ve retarded the cucumber plants slightly for a few 
days, but gave perfect control of the striped cucum- 
ber beetle. 

Insecticide applications for pickleworm control 
were made on the cucumber plants when they were 
setting fruiton September 12, and again at the first 
harvest time on Setember 18. The cantaloupes were 
treated on September 12, 18 and October 26. Cu- 
cumbers were harvested from September 18 to 
October 10. The cantaloupes were a late maturing 
variety and were defoliated by frost just as the first 
few melons were ripening. All plant growth was re- 
tarded during the greater part of August due to 
drouth. Normal rainfall occurred during the re- 
mainder of the season and the plants made a good 
growth, completely covering the ground between 
hills and rows. 

Records were taken on the cucumbers by weighing 
and by examining all fruits for pickleworms at har- 
vest time. The cantaloupes were not picked, but 
were examined on the vines for pickleworms on 
October 6 and 27. 

Resvutts.—The materials used and the results 
obtained are given in table 1. As may be seen by 
these results, all treatments gave highly significant 
reductions in pickleworm damage on both cucumbers 
and cantaloupes. The untreated cucumbers showed 
80 per cent wormy fruit as compared to less than 3 

r cent wormy fruit for the different DDT, benzene 
fexachloride and (dichlorodiphenyldichloroethane) 
treatments with no significant difference. The num- 
ber of marketable fruits from the check was 27 as 
compared to 89 to 109 from the different treatments. 
It is interesting to note that there were ro significant 
differences in the number of fruits from any of the 
treated or untreated plants. However, the size of the 
fruits from the 1 per cent gamma benzene hexachlor- 
ide treated area was significantly smaller than that 
from any of the other treated and untreated plants. 
This may be accounted for by the fact that the foli- 
age on > Fos treated plants was definitely chlorotic 
and somewhat burned. Slight foliage injury occurred 
on the 0.5 per cent gamma benzene hexachloride 
treated plants. No injury was observed on any of 
the other treated plants. 

On October 6 all treated cantaloupes had less 
than 3 per cent wormy melons with no significant 


Table 1.—Pickleworm contro] on cucumbers and cantaloupes. 
































CANTALOUPES 
CucUMBERS 
Per Cent 
No. Wormy No. Av. Wormy Melons 
Exam- Market- Wt., 

Dust Mareriats Usep! ined No. Per Cent able Oz. 10/6 10/27 
so DDT-2% Oil 216 1 6 94 5.9 0 7 
8% DDT 217 5 2.3 109 6.1 1 8 
5% DDD £32 5 2.2 102 6.7 3 2 
0.5% vy benzene hexachloride 197 6 3.0 92 5.6 3 18 
1% v benzene hexachloride 201 1 5 89 4.2 3 19 
Untreated Check 204 163 80.0 27 6.1 52 65 
Difference required for signifi- | NOT sig. 63 _ 52 1.1 _ — 

cance (19-1) 





1 All materials applied at 40 lbs. per acre. Cucumbers treated September 12 and 18, harvested September 18 to October 10. Canta- 


loupes treated September 12, 18 and 26. 
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differences between treatments. The untreated can- 
taloupes had 52 per cent wormy fruit. By October 
27 the DDD and DDT treated cantaloupes were 
still relatively free of worms having only 2 and 8 
per cent wormy melons, respectively. However, the 
benzene hexachloride-treated melons had signifi- 
cantly more injury with 18 to 19 per cent wormy 
fruits. The untreated cantaloupes had increased to 
65 per cent wormy melons. 

Summary.—lIn these tests 1 and 3 per cent DDT 
and 5 per cent DDD dusts gave excellent pickle- 
worm control on cucumbers and cantaloupes with 
out injury to the plants. Benzene hexachloride 0.5 
and 1 per cent gamma isomer dusts also gave ex- 
cellent control but caused some foliage injury on 
the cucumber plants. 


LITERATURE CITED 
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Biological Studies on the Horse 
Flies of New York 


C. Locoruetts! and H. H. Scuwarpt, Cornell 
University, Ithaca, N. Y. 


Horse flies probably are the most injurious blood- 
sucking pests of cattle in New York. It is estimated 
that they bring greater losses to dairymen than the 
combined effects of the horn flies and stable flies, 
and they probably are more important pests in 
New York than the cattle lice. 

Dairy losses attributable to Tabanidae are prin- 
cipally due to the attacks of Tabanus vicarius, 
Wiedemann, 7’. lasiophthalmus, Macquart, and to a 
lesser degree, of Chrysops vittata Wied. Tabanus 
lasiophthalmus begins emerging in May and persists 
until early July. Tabanus vicarius makes its appear- 
ance in June and is present in numbers until the 
latter part of August. While most abundantin 
July, C. vittata is in the field from June to September 
and has the longest season of activity among the 
New York species. 

So far as horse fly biologies are known the ma- 
jority of the species spend the immature stages in 
mud, water, algae, or other aquatic or semi-aquatic 
habitats. Since these stages of Tabanus lasi 
mus and T. vicarius have never been found in such 
places, students of the group have frequently sug- 
gested that they must be scattered widely in pas- 
tures, meadows and other farm lands. Previous in 
vestigators have found a total of about half a dozen 
larvae of T. vicarius none of which were in notably 
moist situations. The finding of one egg mass of 
T. lasiophthalmus, and none of 7’. vicarius is re- 
ported in the literature, 

The writers have been able to show beyond rea- 
sonable doubt that Tabanus vicarius can grow to ma- 
turity and emerge in pastures and meadows and that 
in New York these places form the normal habitat. 
Quantitative collections of larvae were made by dry- 
ing sections of sod on wire racks Ausi ey over 
pans of water. As the sod dried the larvae dropped 
out into the pans, This method showed the presence 


Eastern Branch Program. 
1 The senior author is now an entomologist for the Food and 
Agriculture Organization of the United Nations. 
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of as many as one larva for each 2 square feet of sod 
in many areas. Since laboratory rearing has estab- 
lished a 1 to 1 sex ratio for this species, these col- 
lections indicate that 10,000 females can be pro- 
duced by an acre of pasture. In tion to these lar- 
val collections, night sweepings in meadows during 
the season of emergence have yielded 5 to 15 adults 
of T. vicarius for each 100 strokes of the net. The 
adults thus caught showed a sex ratio comparable to 
that obtained in laboratory rearing and many indi- 
viduals were obviously teneral indicating emergence 
in the immediate viene Finally in 1946 several 
thousand eggs deposited in laboratory cages by 
ficld-collected females were placed in a 400-square- 
foot area of sod surrounded by a sheet iron barrier 
extending 1 foot above ground and about 18 inches 
below. During the following 12 months the caged 
area suffered the usual extremes of northern New 
York climate, among them partial drought in late 
summer and total submergence for several days in 
the spring. Examination of the plot during the 
T. vicarius emergence season in 1947 showed that 
larvae of several sizes were numerous. The plot 
was covered with aster cloth at this time and a 
number of flies caught. It is expected that larger 
numbers will emerge in 1948 since laboratory rearing 
has shown that over 90 per cent of the individuals 
have a 2-year cycle. Of 115 flies reared from egg to 
adult in the laboratory only 10 emerged within 
approximately a year after hatching, the remainder 
requiring 2 years to comple’. ihe eycle. 

While it has been presumed that Tabanus lasioph- 
thalmus spends its immaturelife in habitats similar 
to those occupied by T. vicarius, the writers have 
been unable to make quantitative collections of its 
immature stages with the methods used in taking 
T. vicarius larvae. One egg mass was obtained from 
a caged female and 40 of the larvae from this mass 
were fed in individual cages. Eight of them pro- 
duced adults after 10 to 11 months, The pupal 
period had a duration of 11 to 15 days. 

Chry. vittata was reared from egg to adult by 
keeping the larvae in mud from the natural habitat 
where the eggs were obtained, and feeding them on 
larvae of several smal] species of crane flies, or on 
blow fly maggots. The mud was heated sufficiently 
to kill all arthropod life, then placed in large shallow 
pans and remoistened. The pans were slightly ele- 
vated at one end so that a moisture ient ranging 
from moist mud from which water could not be ex- 

ressed, to complete submergence, was obtained. 
Several field-collected egg masses were allowed to 
hatch in each pan and crane fly larvae from the 
natural habitat added at intervals. Chrysops vittata 
larvae had previously been observed feeding on 
small crane fly larvae in smaller jelly glass cages. 
When crane fly larvae were no longer available in 
sufficient quantity newly hatched blow fly maggots 
of severa] species were found equally acceptable to 
the Chrysops larvae. As the Chrysops larvae in- 
creased in size larger maggots were fed. There was 
little or no evidence of cannibalism among the 
Chrysops larvae, and the maggots apparently never 
were predatory. The Chrysops eggs placed in these 
pans fotehed duitus the period of July 7 to 10, 1946. 
The first adult emerged June 30, 1947. Examination 
of the mud immediately after the first fly emerged 
revealed the presence of 193 full-grown larvae and 
42 pupae. All of these were placed in individual 
containers and from them 132 adults, 59 males and 
73 females, emerged during the period from June 
30 to August 18. In general, emergence was slightly 
later than that occurring in the field. 
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Practical measures for the control of horse flies 
have rae ae evolved and a a to be ~ 
prospect of great progress in the near future. The 
foregoing data on the larval habitat, and place of 
emergence of Tabanus vicarius might suggest treat- 
ments to be applied to pastures and meadows with 
the tation of killing many of the emerging 
horseflies, and at the same time benefiting the pas- 
ture by controlling some of the forage pests. This 
might be done on a practical basis if it were not for 
the residue problem, though there probably would be 
more benefit from the increased hay yield than from 
such horse fly control as might be obtained. In dairy 
farming areas large acreages would have to be cov- 
ered. Weathering, the rapid growth of fo plants, 
(and the fact that it is cut long before all horseflies 
have emerged) would make it necessary to apply sev- 
eral treatments during a season. 





Amount of Dew Found on 


Leaf Surfaces 


W. W. Sranuey, University of Tennessee 
Agricultural Experiment Station, 
Knozville 


The amount of dew that may form on plants is of 
importance in application of dusts or sprays. To 
find some information on this subject, the following 
observations were made, Steel triangles, each con- 
taining about 35 sq. cm., were exposed to the air on 
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the night of May 8. The following morning it was 
observed that moisture was present on both sides 
of the metal piece and it appeared that the upper 
surface had a heavier deposit of dew than the under 
side. The triangles were weighed to determine the 
amount of water, and it was found that the dew 
amount to 55 gallons of water per acre. 

On the morning of May 25, cabbage was observed 
to have a very heavy load of moisture on the leaves. 
This was measured by taking small sections (3X3 
cm.) of blotter, and placing the paper upon the 
leaves. The gain in weight showed that dew was 
present on the leaves at the rate of about 325 gallons 
per acre, This is an excessive amount as the dew on 
cabbage tends to collect in large drops; nevertheless, 
it shows that a large amount of water is present. 
Some of this moisture may be due to guttation. 

Bean foliage was similarly measured on August 11. 
Both sides of the leaves were tested and it was 
found that the top of the leaf had 84 gallons per acre, 
and the bottom had 72 gallons. The dew on both 
sides was evenly distributed, not in large drops as on 
cabbage. Previous work (Stanley, 1945) shows that 
beans may have 10.2 acres of foliage per acre of 
ground surface. Thus, 1591 gallons of water may be 
present on the bean foliage per acre of ground sur- 
face. This is equivalent to about .08 inch of rainfall. 


LITERATURE CITED 
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Book Reviews 


Meruops or Insect Controt, Part 1. By Dwight 
Isely. 134 pages, Burgess Publishing Co. 1946. 
Part 2, 184 pages, 1947. 

Based on 30 years of experience in teaching and 
research this book departs from standard text book 
form in two important respects. 

The first of these departures is that it represents 
an analysis of the fundamental reasons why various 
methods of insect control are effective. This study 
of reasons for effectiveness makes possible the group- 
ing of the procedures for control of many insects. 
In this way it attempts to organize our knowledge of 
insect control and place it on a logical basis, It 
makes no em 2% at a listing of insect pests of 
various crops and recommended control measures as 
must be done in a handbook. 

The other characteristic is that the various pro- 
cedures in control are studied by a case method. In 
this way it avoids one of the problems of teaching 
cntecliry which results from the vast number of 
species of destructive insects to be considered, Here 
a relatively small number of species are used as types 
representative of groups susceptible to certain con- 
trol programs. By thus reducing the number of 
species studied a more careful analysis of each 
problem is possible. 

While designed as a text for a second course in 
entomology this book is so readable, and so full of 
concise information that it will be found of high 
interest to all who are working in the broad field of 
economic entomology. The insect biologist wil] also 
find much useful material in the author's treatment 
of type insects. There is a summary and a list of 
references following the discussion of each type of 
control. 

The general effectiveness of the material in this 
book was well demonstrated two years ago when 


Professor Isely was invited to give a series of lec- 
tures on cotton and rice insects to the er 
student and staff group at Cornell. Much of the 
subject matter presented was from the manuscript 
of these volumes,—H. H. Scuwarpt. 


CuemicaL Insect ATTRACTANTS AND REPELLENTS. 
By Vincent G. Dethier. 289 pp., 62 Figures, 39 
Tables. The Blakiston Company, Philadelphia, 
Pennsylvania. 


This book will be welcomed by those interested in 
insect attractants and repellents. The role played 
by chemicals in attracting and repelling insects is 
of vast economic importance, and is a subject that 
has long been in need of critical analysis and is de- 
serving of expanded research. Dr. Dethier, in this 
book, has made a serious attempt, and a good one, 
to bring together and organize the fundamental 
aspects of the subject. The book provides a back- 
ground that will open new vistas for future investi- 
gation on this important subject. It will provide 
students and workers with a clearer insight to many 
of the factors involved in the study of a most com- 
plex field, and thereby give impetus to better re- 
search, 

Dr. Dethier has done an excellent job of assem- 
bling and assaying important but scattered litera- 
ture, The book portrays, in understandable manner, 
many chemical, physical, physiological and botanical 
problems essential in evaluating an important but 
undeveloped subject. 

The book is an outstanding contribution to the 
subject of insect attractants and repellents. It will 
be an asset to teachers, students and research work- 
ers in Entomology and related sciences.—GEORGE 
S. Lanerorp. 
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Insecticide Programs and Biological Control in South Africa 


For several years past, workers in South 
Africa have been interested in the effect 
of insecticide schedules on the natural 
control of pest insects and upon biological 
control operations. It had become very 
evident that biological control could not 
exist side by side with the recognized 
methods and practice of chemical control. 
The former would have little chance of be- 
coming the permanently useful adjunct 
to pest control that it was hoped. Investi- 
gations designed to throw light on the 
problem of combining two such seemingly 
incompatible methods were commenced 
by the author and were continued by him 
and other workers for a number of years. 

It was evident that in order to under- 
stand the problems involved it was neces- 
sary to obtain information relating to 
population fluctuations and their causes 
under field conditions over as long a 
period of time as was possible. The insect 
chosen for this study was the common 
cabbage moth, Plutella maculipennis, 
which, in the Pretoria area where the 
writer was stationed, breeds actively 
throughout the year. Since its natural 
enemies are also active at all times, it 
was possible to follow an uninterrupted 
programme of population records and to 
study the mortality factors over a period 
of years. The full results of this study have 
now been published and it is not proposed 
to deal in any detail with them here. 
Briefly, three main conclusions can be 
drawn as far as the present subject is con- 
cerned. 

In the first place, it was clearly demon- 
strated that the application of an insecti- 
cide without due regard to events in the 
population of insects concerned can be the 
direct cause of an outbreak of the insect 
later in its history together with a com- 
parable increase in the damage to the 
crop. This almost invariably follows on 
the normal insecticide practice of applying 
the poison at or near the peak of abun- 


dance of the pest. This type of treatment 
is incompatible with the maintenance of 
any balance between the pest and its 
natural enemies and can only lead to 
ever-increasing use of chemical control 
measures. 

Secondly, it was shown that, by correct 
timing of the application of an insecticide, 
based upon events in the population of 
the insect, it was possible to afford a 
measure of protection to the crop during a 
critical period while, at the same time, 
retaining conditions which made it possi- 
ble for natural control to become estab- 
lished. The cabbage plant is most suscep- 
tible to the attack of Plutella during the 
first three weeks after planting out from 
the seedbed. During this period, a com- 
paratively small population of larvae can 
do a very considerable amount of harm. 
Protection at this time can be ac- 
complished by treating the young seed- 
lings with an efficient insecticide as they 
are removed from the seedbed and hence 
by planting out a virtually clean plant. 
The protection from damage thus afforded 
lasts about three weeks, 7.¢., for the dura- 
tion of the most susceptible period for the 
plant and, since migration of both moths 
and natural enemies into the newly- 
planted crop takes place gradually during 
this time, a natural balance tends to be 
built up as time goes on. Normally, no 
further treatment of the crop is necessary. 
Thus, an insecticide can be used to pro- 
tect a crop at a critical period without 
seriously disrupting natural control pro- 
vided that it is used at the right time. 

Perhaps the most important disclosure 
from these investigations, however, was 
the strong emphasis laid upon the neces- 
sity for regarding the plant as an ecologi- 
cal unit when planning control measures 
of any kind. It is only by studying the 
plant in relation to the various different 
insect species inhabiting it and by treat- 
ing this biological complex as a whole that 
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we can expect to obtain rational methods 
of treatment and a control which can be 
regarded as satisfactory from every point 
of view. The various species of insects 
and their respective natural enemies oc- 
curring on one and the same plant are 
often very closely interrelated so that the 
efficient control of one pest species may 
profoundly influence the population of the 
co-existing species. In our case, the Plu- 
tella populations and the populations of 
cabbage aphids shared many predators in 
common. When aphid populations were 
rigorously controlled, many of these 
predators were no longer attracted to the 
plant since they were primarily aphid 
feeders. The control of Plutella by this 
group therefore decreased noticeably. In 
order to provide means of attraction for 
these insects therefore it would seem ad- 
visable to leave small, subeconomic infes- 
tations of aphids on the plants. In other 
words, our control of aphid populations 
should be carefully regulated and it should 
no longer be the aim to obtain as near 
100 per cent kill as has been the case 
heretofore. 

Another investigation which has given 
every promise of a successful outcome has 
been that of the Codling moth on decidu- 
ous fruit in the Cape Province area. In 
South Africa, as elsewhere in the world, 
Codling has been getting steadily worse in 
spite of increasing spray schedules and 
the use of newer and more efficient insec- 
ticides. One by one, the latter have first 
of all given an increased control and have 
then gone the way of the old lead arsenate 
programme. Our Codling has two full and 
one partial generations during the season. 
During the first of these, 7.e., during early 
spring after blossom fall, parasites and 
predators are very scarce. The egg para- 
site T'richogramma, in particular has not 
yet fully changed over from its alternate 
hosts to codling and larval parasites are 
virtually non-existent. During the second 
generation, however, the picture has 
changed and, in orchards which are not 
sprayed, parasites and predators are plen- 
tiful. It seemed logical to assume that, if 
the codling could be controlled satisfac- 
torily during the first generation, then 
parasites and other natural enemies might 
be able to take care of the situation for 
the remainder of the season. 

At the author’s suggestion the entomo- 
logical staff of the Fruit Research Station 
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at Stellenbosch in the Cape undertook an 
investigation into the possibility of using 
such a combined insecticide-parasite pro- 
gramme. It was evident that some host 
population would need to be left in order 
to provide a nucleus for the breeding up of 
the parasites during the early stages of the 
second generation. The control during the 
first brood would therefore not have to be 
too efficient. It was considered possible to 
do this without great difficulty. I do not 
propose to go into detail regarding the 
actual work done but may say that it en- 
tailed the use of imported parasites as 
well as the encouragement of indigenous 
ones. The outcome to date has been dis- 
tinctly promising. Under the programme, 
Ephialtes caudatus, which had been in- 
troduced into the area some 27 years ago 
and was thought not to have been estab- 
lished, suddenly appeared and increased 
rapidly without further liberation. Asco- 
gaster, which had also been introduced 
several years ago and was present in very 
small numbers in the orchards, increased 
by leaps and bounds. Indigenous. para- 
sites also increased markedly and _ per- 
formed very useful work. Total‘control by 
natural enemies during the 2nd generation 
was high. But the main result was that a 
very satisfactory overall control of cod- 
ling was resulting from the combined pro- 
gramme—results equal in many cases to 
those obtained under the best spray 
schedule conditions. 

Just before I left South Africa, I was 
told that, during last season, the Cape 
workers had obtained excellent results 
once again. There were exceptions, how- 
ever, and these were in orchards where the 
first brood had been controlled too se- 
verely by the insecticide. The great ad- 
vantage of such a combined programme in 
the control of pest insects like codling is 
very obvious. Not only are the problems 
connected with the progressive failure of 
insecticides in a fair way to becoming 
solved, but the cost of control measures is 
being very considerably reduced. 

At the same time, I feel that we should 
be careful about the type of insecticide 
used in such a programme. A substance 
with any appreciable residual effect is to 
be avoided. Also, as in the case of Plutella 
mentioned earlier, other pests on the tree 
must be considered at the same time. We 
in South Africa are also familiar with the 
sudden increase in woolly aphis and red 
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spider following the use of such insecti- 
cides as DDT and benzenehexachloride. 
But the use of such powerful poisons is 
hardly likely to enter the combined pro- 
gramme in view of the difficulties con- 
nected with the necessity of leaving a cer- 
tain proportion of the population of the 
host insect. 

Exploration of the use of the combined 
method has also commenced in the case 
of scale insects on citrus. These investiga- 
tions, however, are in too early a stage for 
me to be able to say anything about them. 
Here we have a situation in which it is 
possible to have perfect natural control 
established in an orchard but in which 
there is always the danger of a sudden 
breakdown in control for some reason or 
another. It therefore becomes necessary to 
study the factors involved so that some 
insecticidal procedure may be taken at the 
appropriate time in order to prevent a 
sudden, rapid and possibly fatal outbreak 
of the scale. 

In all this work we have been faced 
with the outstanding fact that pest popu- 
lations have been i increasing in an alarm- 
ing measure in spite of more and more ef- 
ficient and stringent methods of control. 
I should perhaps say that it is because of 
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this increase in the use of insecticides that 
our problems have arisen. A return to 
natural methods seems to promise greater 
chances of success than a continuance of 
the present way of meeting the situation. 
Since natural factors are liable to fluctua- 
tions from causes outside our control, it 
seems necessary to have supplementary 
methods for use at special times, 7.e., in ’ 
emergencies. In the main, the use of such 
measures will be indicated by a properly 
conducted study of the problem. 

I feel confident that, with further inves- 
tigation into specific cases, this method of 
combining insecticidal treatment with bi- 
ological control in a rational manner will 
prove to have a very wide application and 
will eventually prove to be one of the main 
methods of combatting pest insects. It is 
realized that biological control cannot al- 
ways give a satisfactory economic control 
of a pest when used alone. It is also felt 
that insecticides often provide a very un- 
satisfactory answer to some of our major 
problems. Perhaps in a combination of the 
two methods, scientifically compounded, 
we have something approaching the ideal 
method of pest control. 

G. C. ULLYettr 

Imperial Bureau of Biological Control 





A.I.F. Association ComPiLine Facts 
oN New ORGANICS 


A compilation of all factual information now 
available on the new organic insecticides and fungi- 
cides is being undertaken by the Agricultural In- 
secticide & Fungicide Association in cooperation 
with committees representing manufacturers, food 
processors, federal and state agencies, and other 
interested groups. 

Entomologists are in an especially advantageous 
position to help in compiling this factual informa- 
tion, and, since the assembled data will be available 
to all cooperating groups, as well as public informa- 
tion outlets, all scientists will benefit from the free 
exchange of such data. 

That this factual information is needed can be 
seen in the discussions and unfavorable press com- 
ment of recent months, involving federal and state 
agencies, and the industry. These reports indicate a 
definite lack of scientifi o Keowledas of the problems 
involved, or at best a lack of coordinated informa- 
tion. 

Specific studies on each product will be made by 
special committees, being established by the A.I.F. 
Since the Association membership represents practi- 
cally all of the basic producers of the chemicals in- 
volved, much additional data can be made available. 

To compile information which is now widely 
scattered, all the groups have been asked to furnish 
data on several aspects of the problem, including: 


The amount of residue of each insecticide presen 
at harvest time on various crops under recom 
mended applications. 

Known methods of residue removal for each 
chemical, or rt of experimental data to date. 

Information on iy aaretrater toxicity of each product 
to warm-blooded animals, snide ding man, and 
particularly information concerning the effect 
of the residues which persist on the crop at the 
time it is harvested. 

Methods of analysis and analytical methods for 
determining minute quantities in food products. 

Hazards to the users and other pertinent informa- 
tion of this type. 

We are asking your cooperation in making avail- 
able to us any data which you have on the above 
subjects. We would also be giad to have your com- 
ments and suggestions on the program, and an 
information as to what you are planning on suc 
type of work. We in turn will be glad to exchange 
with you the results of our compilation. 

We would greatly appreciate it if you would send 
such information to the attention of Dr. Charles L. 
Smith, A.1.F. Technical Adviser, 285 Madison 
Avenue, New York 17, New York, who will direct 
the compilation and use of the technical material. 
Full credit will be given to the source of all data 
supplied 

L.S. Hrrcuner, Executive Secretary, 
Agricultural Insecticide and Fungicide 
Association 
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Ray Trask WEBBER 


OBITUARY 
Rap Trask Webber, 1884-1948 


Ray Trask Webber died suddenly at his home in 
Beverly, Massachusetts at noon on February 13, 
1948. itis death was due to a severe heart attack 
following a year or more of ill health. He is survived 
by his wife, now of Ogdensburg, New York, and a 
sister and brother in Beverly. Mr. Webber was born 
in Beverly September 14, 1884. He began work with 
the, then, Bureau of Entomology, U.S. Department 
of Agriculture, March 12, 1912, at the Gypsy and 
Brown-tail Moth Parasite Laboratory at Melrose 
Highlands, Massachusetts. 

While working in Melrose Highlands he supple- 
mented his investigational work and formal educa- 
tion by taking extension courses in zoology at 
Harvard University. He was an enthusiastic worker 
with a keen interest in the biological control of in- 
jurious insects. His life history studies of native in- 
sects and their natural control, of parasitic insects 
and their host relationships, together with his 
excellent taxonomic work, particularly with Dipter- 
ous parasites, are important entomological contribu- 
tions. His biological] investigations contributed ma- 
terially to the knowledge of insect behavior and 
were a substantial aid to other investigators in simi- 
lar work. He spent parts of five years from 1928 to 
1927, inclusive, in Europe and North Africa gather- 
ing and sending insect parasites of the gypsy moth, 
brown-tail moth and the satin moth to New England 
resulting in the establishment of several beneficial 
species. In 1928, Mr. Webber was transferred to the 
Division of Forest Insect Investigations and con- 
tinued his work with Dipterous parasites of forest 
pests. In 19385 Mr. Webber was transferred to 


Morristown; New Jersey where he worked on the 
Dutch elm disease problem, investigating the role of 
the native and European elm bark beetles in the 
spread of the fungus causing the disease. While Mr. 
Webber’s previous experience had been in the field 
of biological control, he soon demonstrated his 
ability in this new field of endeavor. Again in 1945 he 
transferred, this time to Columbus, Ohio and con- 
ducted investigations on possible inseet vectors of a 
virus disease of elm, phloem necrosis. While at 
Columbus his health gradually failed and on Janu- 
ary $1, 1947, after 35 years of Federal service he 
retired to his home in Beverly, Massachusetts. 

Mr. Webber was a member of the American As- 
sociation for the Advancement of Science, The 
American Association of Economic Entomologists 
and The Entomological Society of America. 

Mr. Webber regained some strength during his 
year of retirement and several of his former associ- 
ates had the privilege of renewing their visits with 
him and Mrs. Webber. He seemed much stronger 
early in February, 1948, and attended the meetings 
in Boston on February 11 of the Massachusetts Tree 
Wardens and Foresters Association and had planned 
to attend the meeting on February 12, but he was 
not able to and returned to bis home on the morning 
of February 12. 

During the meeting on February 11 many of his 
former associates had an opportunity to visit with 
him and they were shocked to learn of his sudden 
death a few days later. We who knew him will long 
cherish his fine friendship and memory. 

S.S. Crossman and D. E, Parker 





PROCEEDINGS OF THE NINETEENTH 
ANNUAL MEETING 


EASTERN BRANCH, AMERICAN ASSOCIATION 
oF Economic ENTOMOLOGISTS, 


Hotel Benjamin Franklin, Philadelphia, Pa. 
November 20 and 21, 1947 


The Nineteenth Annual Meeting of the Eastern 
Branch, American Association of Economic Ento- 
mologists, was called to order by the Chairman, 
John O. Pepper, at 9:30 a.m., November 20, 1947, 
in the Crystal Ballroom of ‘the Hotel Benjamin 
Franklin in Philadelphia. Doctor Pepper, assisted by 
Dr. C. M. Packard, Vice-Chairman, presided over 
the two-day session which was devoted to the pres- 
entation and discussion of 61 papers. Due to the 
heavy program each paper was limited to 10 minutes 
presentation time. With the cooperation of the 
speakers plus the efficient handling of the program by 
the Chairman, the program was completed by 5:30 
on the afternoon of November 21st. 

At the short business session at noon of November 
20th, the Chairman appointed the following com- 
mittees: 

Nomination: H. G. Walker, F. M. Smith, L. A. 

Stearns, Chairman 
Auditing: R. W. Leiby, Merrill M. Darley 
Resolutions: F. W. Poos, W. S. Hough, L. D. 
Anderson, Chairman 

Awards: T. Walter Reed, J. A. Cox, W. E. Flem- 

ing, Chairman 


The Secretary-Treasurer made the following re- 
port, which was referred to the Auditing Committee. 


REPORT OF THE SECRETARY-T'REASURER 


Notices of the Nineteenth Annual Meeting to be 
held in Philadelphia on November 20-21, 1947, 
were sent out to approximately 700 members of the 
American Association of Economic Entomologists 
residing in the eastern territory. A total of 61 pa 
titles were received which is approximately double 
the number received last year. Dues paying members 
for 1946-1947 totaled 246. 

The eighth Annual Award for the most outstand- 
ing paper presented at the 1946 meeting went to 

r. R. W. Dean for his paper “Apple Ma, got Con- 
trol with DDT Sprays and Dusts,” published in the 
April, 1947 issue of the Journal of Economic Ento- 
mology. 


FINANCIAL STATEMENT 
Balance on hand, November 15, 1946 


Receipts 
Dues ie 1946-1947—November 1946 


Disbursements 


Stark-Films (Projection Rennes). 
Payment to tary-Treasurer 1 
Clerical Ser Soden " 

Eastern Branch 


Total disbursements 
Balance on hand, Jonna al 15, 1947 
Distributed as follows: 
snk and The Union Na- 


11/6 Geo. dig inc 


11/12 E. B. Fagan 


$3,235.20 
Cash on hand in office 10.00 


Byrey F. Driccers 
Secretary-Treasurer 


Report or AUDITING COMMITTEE 


November 21, 1947 
Your Auditing Committee has examined the books 
and accounts of the Secretary-Treasurer and has 
found them to balance and to be in good order. 
R. W. Lerey 
Merritz M, Darter 


Report oF EpirorRiaAL COMMITTEE 
or Entoma 


Doctor Langford, Editor of Entoma, reported that 
the seventh edition of Entoma was coming off the 

resses and all members of the Association should 

ave copies in their hands by or shortly after the 
first of the year. A few advanced copies had been 
received aon had been sent to the members of the 
Editorial Committee and officers of the Eastern 
Branch a few days before the November meeting. 
Doctor Langford submitted the following Summary 
and Preliminary Report on the Business Activities 
of Entoma. 
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SUMMARY AND PRELIMINARY REPORT 
Business Activities—7tH Epition or Entoma 
Sales 
Advertising paid... ..... S565 ih La eee aN $6 , 666.05 
Aiveitiing wapeld... :.. Diiias acces <n ec stain eee 2,345.00 
$9,011.05 
Paid Listingo—Tth Baition 5s 566 e555 ss x diene hha Sha ee kb es 401.00 
Satie Oth nad Tth Baitiont. 5 ee, Cee eee eae ales 392.20 
Gross business—Nov. 18, 1946 to Nov. 15, 1947........0000.0 0005 c ccc cee cece $9 , 804.25 
Expenses 
3: Baatiomery, chrowlare, Ob 5555s Sea oe es A a ak ow 57.50 
GS IOI, oo. one. 06:5 ik Ba a a a eh de Ges 669 .96 
OL PRMD iaic. . . «ci 4i pnted wees a ORES ced Cae hes 270.00 
4. Printing Seventh Edition of Entoma.....................0.000-2005 6,000 .00 (?) 
TARR GADOUING . . 5c nic kin ORs Eo EBB oe aE mare «4 hae 6,997.46 (?) 
Net profit as of November 16; 10470) 2 6 Fee i vce evscec scapes 2,806.79 (?) 
Estimated Earnings for 1947 Edition 
1. Assets (estimated) 
a. Preset estimated pools 155 2s ek $2,806.79 
b. Sales—S8 ,000 copies................ ccc ceceseeeveecs 3,000.00 
5,806.79 
2. Liabilities (estimated) 
me, DimOW Ger taalling, oF 678F 8 OS, og EO 800.00 
EID, oc) oa ff face atte ae Gem ceteris + bg. eves 350.00 
c. Advertising for sale of $3,000 copies.................. 150.00 
G, Memeo i. aE Bs 20 Oe... cee east 150.00 
1,450.00 
RTE BR SS os. 6.3. oa:siisie ns 94s dw Rees tn «> cheb GPNE: Bikes Bote th vibesa 4,356.79 
Status of Funds Received 
EE SERRE REET Oe LOE ET OC IAT tet $7 , 559.25 
2. Distribution of funds 
a. Transferred to Eastern Branch...................... $3 ,000 .00 
b. On deposit—Prince Georges Bank & Trust Company 
oa Cas na aPC 5 nih Ba d's ai’ sie aa te 4,559.25 
$7 ,559 .25 
11/15/47 





Report oF COMMITTEE ON RESOLUTIONS 


November 21, 1947 

Your Committee desires to present the following 
resolutions: 

(1) That the Secretary send letters of sympathy 
to the nearest relatives of Philip A. Readio and 
Vernon B. Haber who have passed away since our 
last meeting. 

(2) That we favor an increase in annual dues of 
the parent association if this will accomplish prompt 
publication of the results of current research. 

(3) That this organization extend its thanks to 
the management of the Benjamin Franklin Hotel 
and the Philadelphia Convention Bureau for their 
courtesies and facilities extended during the course 
of this meeting. 

F. W. Poos 


W. S. Hoves 
L. D. ANpDERsoN, Chairman 


Report oF NOMINATING COMMITTEE 


November 21, 1947 
Your Committee proposes the following names as 
officers of the Eastern Branch of the American Asso- 
ciation of Economic Entomologists for the coming 
year. 
For Chairman: C. M. Packarp 
For Vice-Chairman: Frankuin C, NELSON 
For Secretary-Treasurer (3 year term): B. F. 
DriGGERS 
Representative of A.A.E.E.-Eastern Branch on 
Committee to Popularize Entomology: W. E. 


BLAUVELT 
H. G. WALKER 
F, M. Smita 
L. A. Stearns, Chairman 


The reports of the various committees were ap- 
proved and the Secretary was instructed to cast a 
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ballot for the officers nominated by the Committee. 
Mr. Packard, the incoming Chairman, was escorted 
to the Chair and took up the duties of Chairman. 

Under New and Miscellaneous Business, Doctor 
Hamilton opened a discussion of finances. He sug- 
gested the possibility of a registration fee instead of 
membership dues. He also lauded Doctor Langford 
for his untiring efforts in serving as editor of En- 
toma. The suggestion was made that it might be ad- 
visable to set up and accumulate a fund so that in 
the future the editor of Entoma could deal with 
printers on a more business like basis. The question 
of the Annual Award was brought up and discussed 
thoroughly. Some questioned the advisability of 
continuing the award, raising the cash award, etc. 

The various discussions led to the following mo- 
tions made, seconded and duly passed. 

(1) That a committee be appointed by the Chair- 
man to study the question of the Annual Award 
and report at the next annual meeting. 

(2) That a registration fee of $2.00 collected from 
all persons attending the meetings be substituted for 
the annual dues of $2.00, provided the motion was 
not in conflict with the Constitution. (This motion 
is not in accord with the Articles of Agreement 
governing the Eastern Branch (Jour. Econ. Ent. 
23: 129, 1980) and apparently is out of order.) 
The dues for the Eastern Branch are fixed by Article 
8 of the Agreement and any change in them must be 
made by amendment of the articles in the prescribed 
manner, which is governed by Article 7 which is as 
follows. 

Article 7, All proposed alterations or amendments 
to this agreement shall be referred to a committee 
of three at a regular meeting and must be approved 
by the executive committee of the American Associ- 
ation of Economic Entomologists. After a report 
has been made by the committee, the alterations or 
amendments may be adopted by a two-thirds vote 
of the members present; provided, that a written 
notice of the proposed changes has been sent to 
every member of the Branch at least one month 
prior to the date of action. 

(3) That the Committee on Entoma study the 
question of the handling of the finances of Entoma 
and the finances of the Association and report at 
the next meeting. 


Unit AWARD FOR SUPERIOR SERVICE, 
JAPANESE BEETLE LABORATORY, 
Moorsstown, N. J. 


During the course of the meeting time was made 
available for the presentation of an award for su- 
perior service to the Japanese Beetle Laboratory 
workers. Undersecretary Dodd of the U. S. Depart- 
ment of Agriculture was present and made the award 
at which time he made the following comments, 

‘All of you are as familiar as I am with the work 
and accomplishments of the Bureau of Entomology 
and Plant Quarantine of the U. S. Department of 
Agriculture, You are, likewise, fully familiar with 
the work and accomplishments of its Japanese 
beetle laboratory at Moorestown, N. J. You know of 
the accomplishments of the workers of this labora- 
tory in acquiring a detailed knowledge of the biol- 
ogy, habits, and distribution of the Japanese beetle, 
in studying and colonizing its insect enemies, and 
in presse insecticides for use in controlling the 
adult beetles on plants and other stages of the insect 
in the soil. As important as these accomplishments 
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have been, the development and practical applica- 
tion of the idea of utilizing a disease organism as a 
method of control may surpass all other achieve- 
ments. I refer to the development of methods of 
utilizing the organism that causes the milky disease 
of the grubs. Despite the fact that diseases have 
often been found attacking insects, and sometimes 
have been known to reduce populations from out- 
break to insignificant proportions in a short time, 
the development of methods for their practical utili- 
zation is unique in the history of insect control. The 
success of this project, therefore, has not only given 
us a valuable means of dealing with the Japanese 
beetle but also provides a background of information 
and experience that may point the way to the prac- 
tical utilization of diseases for the control of other 
insects, 

“A few figures may serve to indicate the extent 
to which development of milky disease spore dust 
has been utilized. Since the first colonization of the 
milky disease in New Jersey in 1939, through Sep- 
tember 1947, over 140,000 pounds of spore dust was 
processed at the Moorestown laboratory for its own 
use and that of cooperating State agencies, prin- 
cipally in Maryland, Connecticut, New York, Dela- 
ware, and Ohio. As of January 1, 1947, these agen- 
cies had treated over 82,000 sites, involving nearly 
68,000 acres in 533 counties in 12 States and the 
District of Columbia, Many additional acres have 
been treated with spore dust produced and distrib- 
uted by commercial processors. All available evi- 
dence indicates that this distribution of milky dis- 
ease spore dust has been a valuable aid in bringing 
the Japanese beetle under control in the older infested 
area and in holding its increase in newer infested 
areas to a much lower level than would have oc- 
curred in its absence. 

“For this outstanding accomplishment I am 
pleased to present to the Moorestown Laboratory 
the Department’s Unit Award for Superior Service.” 

The following members and guests registered dur- 
ing the two day meeting. 





Adams, J. Alfred Brian, Chas. 
Adams, J. F. Brooks, J. W. 
Alexander, C. P. Brunson, M. H. 
Allen, H. W. Brunton, J. G. 
Anderson, Lauren Buchholz, A. B. 
Anderson, M. L. Buchholz, J. H. 
Arnold, Robert B. Buettner, Wm. O. 
Ashdown, Donald Burgess, E. D. 
Avens, A. W. Bussart, J. W. 


Badertscher, A. Edison 


Baker, Howard 


Barber, G. W. Camson, E. 
Barthel, W. F. Cassaday, T. J. 
Beacher, John P. Chamberlain, J. J. 
Beatie, Russell H. Chapman, P. J. 
Beinhart, E. G. Chisholm, R. D. 
Berry, R. C. Clancy, D. W. 
Beard, R. L. Clark, C. A. 
Bickley, W. E. Clark, Elton 
Bigger, J. H. Compton, C. C. 
Bishopp, F. C. Connola, Donald P. 
Bissel], T. L. Cooker, J. F. 
Bissinger, W. E. Coon, E. F 
Bixby, A. F. Cory, Ernest 
Blauvelt, W. E. Cox, J. A 

Bobb, M. L. Crissman, W 
Boyd, Wm. M. Darley, M. M 
Brann, J. L. Dean, R. W. 
Brannon, Lloyd W. Deuber, C. G. 


Butler, Geo. 
Cahill, Roger W. 
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Dewey, J. E. 
Dickinson, Berton 
Dietz, H. F. 
Ditman, L. P. 
Dobbins, T 
Doehlert, Chas. 
Domnick, C. B. 
Donelson, Loren 
Donohoe, H. C. 
Dove, W. E. 
Doordon, John E. 
Dutky, S. R. 
Dye, H. W. 

Earle, Hilton H., Jr. 
Farr, N. W. 
Farrar, M. D. 
Fassig, W. W. 
Ferguson, J. R. 
Ferguson, Wm. C. 
Filmer, Robert S. 
Fleming, W. E. 
Foster, R. D. 
French, G. T. 
Friend, R. B. 
Fronk, W. D. 
Frost, S. W. 
Fulton, R. A. 
Gambrell, F. L. 
Garon, A. J. 
Gesell, S. G. 
Gilbert, Engel 
Glasgow, R. 
Glasgow, Robert D. 
Glass, E. H. 
Gleissner, Bruce D. 
Goble, H. W. 
Gordy, Harold C. 
Granett, Philip 
Grayson, J. M. 
Greenwald, Margaret 
Guy, H. G. 
Guyton, T. L. 
Gyrisco, Geo. 
Haas, C. Y. 
Hadley, C. H. 
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Haenssler, G. J. 
Hamilton, Clyde C. 
Hamilton, Donald 
Hammer, O. H. 
Hansens, Elton J. 
Harris, C. S. 
Harris, J. S. 
Hartley, R. O. 
Hartzell, A. 
Hawley, I. M. 
Haynes, Harry L. 
Heal, Ralph 
Hoffman, J. R. 
Hoffmaster, Richard 
Horsfall, J. L. 
Houde, W. J. 
Hovey, C. L. 
Huckett, H. C. 
Hutchins, F. E. 


Hutchinson, Martin T. 


Jaynes, H. A. 
Jennings, Cedric 
Johnson, J. P. 
Karsten, Kenneth 
Kennedy, J. W. 
Kerr, T. W. 

King, J. L. 
Kirkpatrick, A. F. 
Kisliuk, Max 
Knickerbocker, I. E. 
Knutson, Herbert 
Koblitsky, Louis 
Krister, C. J. 
Langford, Geo. 
LaPlante, A. A. 
Larson, N. P. 
Leiby, R. W. 
Leonard, M. D. 
Lohr, A. D. 

Long, Jobn C. 
Long, L. A. 

Mail, G. Allen 
Matthysse, John G. 
McConnell, H. S. 
Menusan, Henry 


Merrill, L. G. 
Miller, A. C. 
Miller, J. V. 
Minnick, P. W. 
Moore, Warren 
Mort, Don W. 
Mundinger, F. G. 
Nash, Kenneth B. 
Nelson, F. C. 
Nelson, R. H. 
Osmun, John V. 
Paden, J. H. 
Packard, C. M. 
Parker, Lawrence B. 
Pass, Herbert A. 
Pechuman, L. L. 
Pepper, B. B. 
Pepper, John O. 
Perinchief, M. K. 
Peterson, P. D. 
Pickett, A. D. 
Pierpont, R. L. 
Piquett, Price G. 
Plumer, Allison A. 
Poland, J. L. 


iid ay, H. W. 
ew Ted 

a i 
Rogers, Geo" H. 
Roth, R. W. 
Sacktor, Bertram 
Sanders, J. G. 
Schmidt, Car] T. 
Schwardt, H. H. 
Seaver, Henry B. 
Sisson, H., A., Jr. 
Sharp, S. S. 
Sherman, Martin 





Vol. 41, No. 2 


Smith, Chas, L. 
Smith, Clyde D. 
Smith, Floyd F. 
Smith, Thomas L. 
Soraci, Frank A. 
Starr, Donald F. 
Stearns, L. A. 
Steiner, Harold M. 
Stoddard, J. R. 
Taschenberg, E. F. 
Tischler, Nathaniel 
Thompson, B. T. 
Thompson, Hugh 
Toffaleti, James 
Tomlinson, Wm., Jr. 
Torpin, Paul D. 
Tur 

Turner, N. 
Turnipseed, G,. F. 
Udine, E. J. 
Vandenberg, G. B. 
Van Giluwe, John 
Van Winkle, D. C. 
Vincent, Rufus H. 
Vinzant, J. P. 
Waitze, Ruth 
Walker, H. G. 
Wallace, Phillip 
Wallace, R. T. 
Washburn, Lloyd 
Weiss, Harry B. 
Wellman, R. H. 
Westcott, Cynthia 
Wheeler, E. H. 
White, Ralph 
Wilcoxon, Frank 
Wilson, Clifton A. 
Wood, Gilbert C. 
Woodbury, E. N. 
Woodruff, N. 
Worthley, H. C. 
Yetter, W. P., Jr. 
Zappe, M. B. 
Zukel, John 


Rocer F. AnpErson at Los ANGELES 


Dr. Roger F. Anderson, formerly at the Belts- sion of Entomology, University of California, Los 
ville Laboratory of the Bureau of Entomology and Angeles 24. We have no information about his new 
Plant Quarantine where he was engaged in studies _—_ work. 
of forest insects has changed his address to the Divi- 





